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City Park Lake is a shallow, subtropical, urban hypereutrophic lake located in Baton 
Rouge, Louisiana. By the late 1970’s, this artificial lake had experienced extreme eutrophication 
and suffered from frequent algal blooms and fish kills.  Restoration of City Park Lake occurred 
in 1983 and consisted of dredging nutrient-laden sediments and the rehabilitation of sewage 
pipelines.  Pre- and post-restoration water quality monitoring programs have provided valuable 
information by which to gauge the long-term success of the restoration work.  Following the 
restoration effort, dramatic improvements were observed in the lake including lower nitrogen, 
phosphorus and chlorophyll-a concentrations, reduced frequencies in algal blooms and fish kills, 
and an increase in the mean depth and oxygen storage capacity of the lake.  The shift from 
phosphorus- to nitrogen-limited conditions following the dredging of sediments was 
accompanied by the occurrence of filamentous types of algae.  Filamentous algae later 
predominated algal “blooms” during the 1990’s. 
With little or no implementation of watershed and lake management strategies for the 
reduction of phosphorus loadings in the decades since restoration, current water quality data 
indicates that phosphorus levels now approximate those measured during pre-restoration years.  
The increase in phosphorus concentrations during the post-restoration accompanied by 
decreasing nitrogen concentrations were further exacerbated by sediment phosphorus release in 
the decades since restoration and below-normal precipitation since 1998.  Organic decay and an 
increased hydraulic retention time in the lake have resulted in light attenuation that has 
apparently crippled the growth of filamentous algae in City Park Lake. 
A phosphorus management model was developed to address filamentous algae in City 
Park Lake.  The calibrated model was used to simulate the sensitivity of the lake to various 
loading mechanisms.  In addition, several phosphorus management strategies were evaluated 
with the model to estimate short-term and long-term effectiveness. 
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City Park Lake is a shallow, subtropical, urban hypereutrophic lake located in Baton 
Rouge, Louisiana. By the late 1970’s, this artificial lake had experienced extreme eutrophication 
and suffered from frequent algal blooms and fish kills.  Restoration of City Park Lake occurred 
in 1983 and consisted of dredging nutrient-laden sediments and the rehabilitation of sewage 
pipelines.  Pre- and post-restoration water quality monitoring programs have provided valuable 
information by which to gauge the long-term success of the restoration work.  Following the 
restoration effort, dramatic improvements were observed in the lake including lower nitrogen, 
phosphorus and chlorophyll-a concentrations, reduced frequencies in algal blooms and fish kills, 
and an increase in the mean depth and oxygen storage capacity of the lake.  The shift from 
phosphorus- to nitrogen-limited conditions following the dredging of sediments was 
accompanied by the occurrence of filamentous types of algae.  Filamentous algae later 
predominated algal “blooms” during the 1990’s. 
With little or no implementation of watershed and lake management strategies for the 
reduction of phosphorus loadings in the decades since restoration, current water quality data 
indicates that phosphorus levels now approximate those measured during pre-restoration years.  
The increase in phosphorus concentrations during the post-restoration accompanied by 
decreasing nitrogen concentrations were further exacerbated by sediment phosphorus release in 
the decades since restoration and below-normal precipitation since 1998.  Organic decay and an 
increased hydraulic retention time in the lake have resulted in light attenuation that has 
apparently crippled the growth of filamentous algae in City Park Lake. 
A phosphorus management model was developed to address filamentous algae in City 
Park Lake.  The calibrated model was used to simulate the sensitivity of the lake to various 
 x 
loading mechanisms.  In addition, several phosphorus management strategies were evaluated 
with the model to estimate short-term and long-term effectiveness. 
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Chapter 1:  Introduction 
Nutrients currently rank as one of the leading pollutants in lakes in the United States 
(USEPA, 1998).   Although small levels are critical to ensuring a healthy lake ecosystem, the 
over enrichment of lake systems with nutrients (primarily nitrogen and phosphorus) can result in 
severe impairments.  The process by which lakes respond to nutrient enrichment is commonly 
referred to as eutrophication. The capacity of lakes to accept, store, and flush nutrients is often 
tested with the extreme amounts that can be generated from agricultural and urban landscapes. 
Although it can be said that lakes are quite efficient at making use of the nutrients through 
photosynthetic conversion to biomass, the long-term consequences imposed by explosive and 
large algal blooms often spark a chain of devastating effects.  This chain usually begins with an 
oxygen-depleted hypolimnetic zone, followed by fish kills, odor problems, and irreversible 
damage to the lake’s food chain. In essence, the occurrence of large algal blooms indicates that a 
loading imbalance has occurred in the lake ecosystem. The prolific growth of algae in lake 
systems is generally attributed to intensive anthropogenic activities that release nutrients into the 
environment such as soil tillage, the application of organic and inorganic fertilizers, construction, 
and sewage disposal, which are known to accelerate the eutrophication process in receiving 
streams and lakes (Sharpley, 1995).  More recently, outbreaks of bacterial indicators and 
protozoan such as Pfisteria piscida and Escherichia coli in receiving streams and estuaries have 
signaled not only the threat of over enriched waters to aquatic species and the aesthetic qualities 
of the receiving water body, but of the severe threat that accelerated eutrophication poses to 
human health (USEPA, 2000).   
Because lakes are highly valued natural resources, community pressure to maintain or 
improve their quality can be intense.  In the U.S., the quality goals of water bodies are set forth 
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by each state through water quality standards.  The standards define and designate the water uses 
of each identified water body.  Water body uses must include, at a minimum, recreation and the 
propagation of fish and wildlife, unless otherwise approved by the EPA (USEPA, 2000).  States 
are responsible for adopting numeric or narrative water quality criteria that support designated 
uses.  In an effort to assist states in addressing continuing nutrient over enrichment problems, the 
U.S. EPA implemented the National Nutrient Strategy in 1998 with the intent of providing 
technical guidance to establish region-specific nutrient criteria (USEPA, 2000).  With some 
exceptions, the majority of states (including Louisiana) currently use narrative criteria to protect 
and maintain designated water uses.  When fully implemented, States and regions would adopt 
numeric criteria for nutrients such as total nitrogen and total phosphorus and for trophic response 
parameters such as Chlorophyll a and Secchi depth.  EPA expects that the nutrient criteria will 
aid in identifying lakes and reservoirs with over enrichment problems, result in management 
approaches to protecting and restoring lakes, and further establish limits for point and non-point 
discharges (USEPA, 2000).   
1.1 Eutrophication and Algae 
Communities in watersheds for which accelerated eutrophication is manifested in large 
blankets of thick, floating algae commonly view the algae as an unsightly, malodorous mess. 
Restoration efforts to address the symptoms of eutrophication are often expensive and can be 
immensely successful in the short-term, but long-term effects are difficult to estimate.  Since its 
restoration in the early 1980’s, City Park Lake in Baton Rouge, Louisiana has experienced 
periodic blooms of large, floating mats of filamentous algae. As an urban lake that is highly 
visible and accessible to the public, community support to address the reoccurring problem is 
strong.  Due to the irregular and variable nature of drainage pathways within hydrologic 
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watersheds, nutrients that have washed away from their sources will inevitably reside in some 
portion of the receiving stream. Lakes are especially vulnerable to the effects of eutrophication 
due to the relatively long hydraulic residence times associated with these catchment areas.  
Likewise, lakes serve as sinks for nutrients. The sediments, in effect, serve as the lake’s 
“memory.”  
Algal control strategies have traditionally focused on the management of phosphorus in 
the aquatic environment.  This focus is primarily based on an understanding of the Redfield 
stoichiometry of phytoplankton, which is normally represented as C106H263O110N16P1.  In theory, 
when one of the three elements (carbon, nitrogen or phosphorus) is limiting and all others are 
available in excess, phosphorus can generate 500 times its weight in algae (Wetzel, 1983).  In 
comparison, nitrogen and carbon are theoretically capable of producing 71 and 12 times their 
respective weights in algae. While carbon, hydrogen and oxygen are abundant in nature, nitrogen 
and phosphorus are found in relatively small amounts. For this reason, the nitrogen and 
phosphorus typically constitute the limiting nutrients for phytoplankton growth.  Unlike nitrogen, 
phosphorus does not exist in gaseous form, is available in the earth’s crust in minute quantities, 
and is strongly-sorbed to soil particles and is therefore mobile through erosive processes 
(Chapra, 1997).  In most freshwater aquatic environments, phosphorus is generally considered 
the limiting nutrient for phytoplankton growth (Scarlatos, 1997).  In a survey of thirty Louisiana 
lakes and reservoirs in 1984, the majority of these systems were found to be phosphorus-limited 
(N:P=7.2:1).  In general, biomass such as algae typically contains 1.5 to 2.5 % phosphorus per 
volatile solids on a wet weight basis (WEF, 1998).  
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Cyanophytes (blue-green bacteria) and chlorophytes (green algae) commonly occur in 
filamentous forms that can be observed floating on the surface of lakes.  On the other hand, 
chrysophytes, euglenophytes and some chlorophytes are predominantly unicellular and 
microscopically sized.  Thus, these algae are usually observed suspended in the water column, as 
opposed to floating on the water surface. Unlike unicellular algae that remain suspended for the 
majority of its life cycle, filamentous algae originate in the sediment.  During the early stages of 
growth, filamentous algae are nourished by nutrients in the upper layers of the lake sediment.  As 
the algae grow, the natural buoyancy of the algal fibers and the entrapment of decompositional 
gases from sediments, such as hydrogen sulfide (H2S) and methane (CH4), force the algae to the 
lake surface.  As a result, algae accumulate on the lake surface in large mats. 
The primary sources of nutrients for algal growth in lakes include allochthonous sources, 
such as storm water and the atmosphere, and autochthonous sources such as lake sediments.  The 
contribution of autochthonous sources can be acute in shallow lakes due to a low dilution 
volume. Shallow lakes are also especially vulnerable to internal cycling of nutrients across the 
sediment/water interface due to the wind-induced sediment suspension and reduced capacity to 
buffer against the effects of temperature.  Some researchers have observed that the release rate of 
phosphorus from sediments increases with increasing temperatures and with the reduction of 
dissolved oxygen in the sediment/water interface (Lennox, 1984; McKenna, 1987; Moore et. al., 
1998).  Unlike deep lakes, the sediments in shallow lakes can contribute a sizeable portion of the 
phosphorus loadings relative to the lake volume.  Several researchers have concluded that the 
release of phosphorus from sediments in shallow lakes represents a significant portion of the 
total phosphorus (TP) available for algal uptake (Lorenzen, 1976; USEPA, 1983; McKenna, 
1987; Reckhow and Chapra, 1998).  Due to extreme temperatures during the growing season, 
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especially during the summer months, shallow lakes located in subtropical climates are 
especially vulnerable to phosphorus release from sediments as compared to lakes located in 
temperate climates.  Ultimately, the control of algae depends on an accurate quantification of 
phosphorus in the lake environment and an understanding of how and when phosphorus becomes 
available for algal uptake.   
While a phosphorus budget offers a general overview of where and how much 
phosphorus is in the lake system at a given time, a model of phosphorus in the lake can provide 
the critical link to environmental factors.  These factors include environmental conditions that 
are variable in magnitude and frequency such as precipitation, irradiance, temperature and wind 
speed.  In addition to naturally occurring environmental conditions, a model can also provide a 
critical link to land and water management applications.  Furthermore, a phosphorus 
management model can serve as a tool to facilitate decisions concerning resource management 
on the part of community leaders.   As such, a model can serve as a means of assessing the 
cost/benefit of resource management decisions within watershed boundaries. 
1.2 Study Objectives 
The study presented in this thesis focused on (1) the assessment of the long-term effects 
of lake restoration efforts and (2) the development of a phosphorus management model to 
address filamentous algae in a shallow, urban, subtropical hypereutrophic lake. The study site for 
the research was City Park Lake in Baton Rouge, Louisiana.  The purpose of the assessment is to 
gauge the long-term effects of restoration efforts on the water quality of the lake.  The purpose of 
the model is to provide a useful tool for measuring the impact of management strategies on 
phosphorus levels in the lake. 
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1.3   Description of City Park Lake 
Located in Baton Rouge, Louisiana, City Park Lake is approximately three kilometers 
east of the Mississippi River and 105 km from the Gulf of Mexico at an approximate elevation of 
9 m above mean sea level.  Baton Rouge is located in the subtropical climate zone at a longitude 
of 91° West and latitude of 30° North.  The city’s 30-year normal precipitation is 155 cm and 
rainfall is most frequent during July and August (NOAA, 2001).  Severe storms are most 
frequent during the spring months.  The average normal temperature (based on a 30-year period) 
is 19.8 °C with an average low of 9.9 °C and an average high of 27.9 °C (NOAA, 2001).  Baton 
Rouge is subject to polar fronts during the winter months.  Winds are normally relatively light 
and average less than 16 km/hr.   
City Park Lake is a shallow lake with an approximate surface area of 230,000 m2, an 
average post-restoration depth of 1.2 meters and a hydraulic residence time of 56 days (Malone 
et al., 1991).  The fetch of the lake is oriented from north to south (Figure 1.1).  The lake 
receives influent flows from Bayou Duplantier on the north side of the lake.  Flows exit to 
University Lake through a sharp-crested spillway structure, which is located on the lake’s south 
side.  The lake is located on relatively recent alluvial deposits of the Mississippi River at the 
transition between the nearly level silty soils of the Prairie formation and the gently sloping silty 
soils of the Montgomery formation (SCS, 1968).  Both formations were developed during the 
Pleistocene age.  The Montgomery formation is characterized by ridges that average 
approximately 6 to 12 m in elevation above those of the Prairie formation soils.  The original 
foundation of the lake was formerly the site of a cypress swamp and is comprised of slowly 
permeable organic clays and silty clays (City-Parish of Baton Rouge, 1977).  Lake sediments are  
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primarily silty in texture and relatively unconsolidated.  The watershed is comprised of Loring 
silt loam (LoA, LoB, LoC2) with level to five percent slopes and Olivier silt loams (O1A, O1B) 
with level to three percent slopes. The Loring and Olivier silt loam soils belong to the Alfisols 
Order.  As such, Alfisols are high in bases and have a B-horizon that is rich in clay (SCS, 1968).  
Figure 1.1  Map of study area and University Lakes System 
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The clay horizon is commonly referred to as an argillic horizon. Terraced escarpments are 
common along the northern perimeter of the lake watershed.  As silt loams, these soils range 
from poorly to moderately well drained and slowly to moderately permeable. 
The lake watershed is mostly urban with a total drainage area of 1,922,000 m2.  The 
majority of the watershed is comprised of single-family housing (44.2%), with the City Park 
Lake golf course being the second largest land use (Table 1.1).  The vegetated portion of the 
watershed is dominated by oak trees, pine trees, and grasses such as bermuda and bahaia. The 
lake is traversed by Interstate-10 and the Kansas City railroad, which serve as possible sources of 
heavy metals in the lake.  The lake itself accounts for 12.0% of the total drainage area.  
According to aerial photographs, land uses within the watershed have changed very little over 
the past 50 years (SCS, 1968). 






% of total watershed area 
Streets(1) 0.219 11.4 
Interstate-10(1) 0.049 2.5 
Railroad(1) 0.012 0.6 
Single family housing(1) 0.850 44.2 
Apt./Multi. Family housing(1) 0.012 0.6 
Institutional(1) 0.045 2.3 
Commercial(1) 0.045 2.3 
Repair/Manufacturing(1) 0.04 0.2 
Park/Open(1) 0.401   20.9 
 9
 Table 1.1 Continued 
Other open(1) 0.057 3.0 
Lake(2) 0.230 12.0 
TOTAL 1.922 100.0 
(1) Reich Associates, 1991 
(2) Malone et al., 1991 
 
1.4 City Park Lake Historical Developments 
As one of six lakes comprising the University Lakes System, City Park Lake was 
constructed in 1925 on land that was originally characterized as cypress swamp.  The 
construction of the lake coincided with the establishment of Louisiana State University less than 
0.8 km west of the lakes and the construction of City Park Lake golf course.  The primary 
purpose of the lake construction was the elimination of stagnant mosquito-breeding areas, and 
the establishment of a recreational and educational source for the community.  The construction 
of City Park Lake was followed by the construction of University Lake to the south, and College, 
Campus, Crest and Erie Lakes in the 1930’s.  
In the decades that followed its construction, City Park Lake served as a recreational 
resource for fishing, boating and bird watching.  Historically, largemouth bass, crappie and other 
sunfish were stocked and fishing was common (City-Parish of Baton Rouge, 1977).  As water 
quality deteriorated in the 1950’s and 1960’s, fish species that are commonly referred to as 
“trash” fish, mainly threadfin shad, became more abundant.  In 1951, water lilies had to be 
removed from the lakes, which reportedly had a general depth of approximately 1.2 m (Reich 
and Associates, 1991).  Swimming was banned in 1957 reportedly due to sewage contamination 
from neighboring residences.  Between 1957 and 1978, frequent fish kills were observed on the 
University Lakes, apparently due to oxygen depletion from algal decay.  During the same period, 
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vegetation was periodically removed from lake shorelines.  In response to growing lake quality 
problems, the City-Parish of Baton Rouge formed a committee in 1977 to devise a plan for 
restoring the six lakes in the University Lakes system.  With funding from the U.S. 
Environmental Protection Agency (USEPA), a lakes restoration program was approved under the 
Clean Lakes Program.  The early phases of the project involved extensive assessments of the 
biology, sediment quality, and water quality of the lakes.  Bathymetric surveys during the late 
1970’s revealed that the average depth of City Park Lake had been reduced to 0.9-m, and the 
estimated average hydraulic retention time was 47 days (Knaus and Malone, 1984).   
The project ultimately resulted in the dredging of five lakes, including City Park Lake, 
and the repair of leaking sewer lines in residential areas around the lakes at a cost of 
approximately $3 million.  Ancillary expenditures on the part of the local government and LSU 
amounted to an additional $1.5 million (Knaus and Malone, 1984).  The restoration of City Park 
Lake itself occurred in 1983.  Considerable improvements in dissolved oxygen capacity and the 
reduction of algal blooms and fish kills were attributed to the restoration efforts (Gremillion et 
al., 1984).  As a result of the restoration project, the Lakes Restoration Committee was created to 
promote improved water quality in the University Lakes system and to set forth management 
policies to ensure continued water quality following restoration.  A Lakes Management Plan was 
drafted in 1991 to identify potential water quality and recreational improvements and to devise 
an implementation plan (Reich Associates, 1991).  Among the top priorities addressed by the 
plan were the development of a continued water quality monitoring program and the 
improvement of recreational appeal.  The plan, however, was never implemented.  Subsequently, 
substantial algal blooms have been observed during the 1990’s.  Most notably, thick mats of 
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filamentous algae were observed to cover large stretches of the shoreline and extend 
approximately 90 meters toward the center of the lake in September of 1993 (Shinkle, 1993).   
1.5 Previous Studies of University Lakes System 
The earliest monitoring data available for the City Park Lake coincides with the years 
prior to restoration activities.  In 1977, a routine water quality monitoring program was initiated 
to characterize the pre-restoration health of the lake.  The program consisted of in situ 
measurements for water temperature, pH, dissolved oxygen (DO), and Secchi depth as well as 
the analytical chemical determination of nitrogen, phosphorus, solids, and bacteria. In addition, 
storm water quality data was presented for storm drains in the City Park Lake drainage basin in 
the 1979 Quarterly Report for the Lakes Restoration Project (City-Parish of Baton Rouge, 1979). 
Researchers at Louisiana State University also determined the quantification and modeling of 
storm water and internal phosphorus dynamics primarily during the 1980’s.  The sampling 
program continued through 1984, the year following restoration.  No routine water quality 
monitoring occurred again until 1990.  Sediment analyses were also performed during the pre-
restoration period with the primary intent of characterizing the metal and nutrient concentrations 
of the sediment for disposal options.  During the same period, phytoplankton surveys were 
conducted on a yearly basis to classify and quantify the aquatic algal species in the lake.  From 
1990 to 1991, a water quality monitoring program similar to the program undertaken during the 
restoration period was initiated to monitor the post-restoration status of the lake. 
The first modeling efforts conducted with respect to the University Lakes occurred during 
the restoration period in the mid 1980s.  Mericas and McKenna each developed mechanistic 
approaches to modeling phosphorus in three separate lakes within the University Lakes system 
(Mericas, 1982; McKenna, 1987).  Each study reiterated the role of phosphorus in promoting the 
 12
eutrophication.  Mericas studied the impact of isolation of Crest Lake from the effects of wind-
driven currents from the larger University Lake on total phosphorus (TP) levels.  Mericas 
modified the Vollenweider (1976) mass-balance model from a yearly basis to a daily basis.   The 
model employed stochastic components to represent variabilities and uncertainties inherent in 
projecting future trends in phosphorus concentrations based on observed variations in modeling 
parameters.  The model predicted significant decreases in lake TP concentrations after isolation.  
However, the model did not account for the effects of internal phosphorus loadings from the 
sediments.     
Following Lorenzen’s approach, McKenna (1987) also developed a phosphorus model 
but applied it to City Park Lake.  The model focused on the short-term response of City Park 
Lake to dredging and the diversion of sewage inputs.  Recognizing the substantial loading of 
phosphorus due to sediments, the model simulated the contribution of temperature-dependent 
sediment phosphorus release.  Analytical phosphorus data from the five years that bracketed the 
restoration of City Park Lake were used.  McKenna observed that concurrent studies on a lake 
adjacent to City Park Lake demonstrated short-term variations in total phosphorus concentrations 
that implicated the significant role of storm runoff, evaporation and phosphorus release from 
sediments.   The empirical relationship of phosphorus mass loadings to runoff volumes were 
initially correlated for watersheds in the University Lake system, including that of City Park 
Lake, by Wegener (1982) and Mericas (1983).  The model used phosphorus concentrations from 
“contaminated” sources such as domestic sewage overflows into storm water flows and field 
calibrated export coefficients to estimate “uncontaminated,” or natural loadings.  The short-term 
response of the lake system to variations in external storm water loadings was found to be minor.  
Internal phosphorus release and sedimentation, however, were determined to play a major role in 
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influencing lake TP concentration.  In general, McKenna observed that storm runoff during 
warm periods resulted in an overall decrease in TP concentrations in the lake and that sediment 
releases predominated as the major source of phosphorus in the lake during warm periods.  In 
addition, evaporation was found to result in significant losses of water during very warm periods, 
resulting in an increase in lake TP concentration.  Phosphorus sedimentation was determined to 
be a driving mechanism during colder months, whereas phosphorus release was the major 
mechanism during warmer months.  Furthermore, during warm periods a net increase of TP 
concentrations was noted when phosphorus sedimentation and release rates were estimated to be 
equivalent.  The model did not consider a phosphorus burial mechanism as a separate mechanism 
from sedimentation.  Instead, permanently buried phosphorus was assumed to contribute to the 
release rate of the sediments. 
Subsequent to lake modeling advancements with respect to the University Lakes system, 
Mericas and Malone (1984) developed a probability function based on the observation of fish 
kills and phosphorus levels in several of the lakes.   The evaluation of this relationship resulted in 
the observation that at total phosphorus levels greater than 0.4 mg/L, the probability of fish kills 
became more likely.  Mericas and Malone concluded that at TP levels greater than 0.4 mg/L, the 
growth of biomass is no longer limited by nutrients, but is greatly influenced by weather.  While 
algal populations were observed to reach maximum levels due to optimal weather conditions and 
the availability of nutrients, the collapse of algal populations and subsequent fish kills were 
triggered by temperature fluctuations.  These temperature fluctuations were most often 
associated with cloud cover or wind resulting from frontal weather systems.  
In addition to research conducted on City Park Lake, extensive lake modeling projects 
were conducted on several other lakes in the University Lakes System.  Because of similarities in 
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morphology, age, watershed characterization, and climate, the models provide useful 
characterization of urban, subtropical, hypereutrophic lakes.  All studies were conducted at 
approximately the same time as McKenna’s study (1987) on City Park Lake.    Gremillion 
(1986) examined the short-term water quality response of Campus and College Lakes to 
restoration efforts.  The study evaluated water quality data from the pre- and post- restoration 
periods to determine the effectiveness of dredging and the reduction of sewage loadings.  The 
restoration of the two lakes was determined to be effective when considering the reduction of 
fish kills and algal blooms. However, nutrient concentrations were found to increase during the 
post-restoration period, primarily due to storm water loadings.  The failure to divert storm water 
loadings was determined to be the major hindrance to the long-term effectiveness of the lake 
restoration.  
Wegener (1982) examined the predictive accuracy of a statistical model in estimating 
actual TP concentrations for storm water loadings into University Lake. The study used data 
collected and analyzed during spring of 1980 and 1982.  Initially, a statistical model was 
developed to predict runoff concentration based on several variables.  These include flow, 
rainfall duration, average runoff intensity, time since the last runoff event, volume of previous 
rainfall event, the duration of the last event, the volume of the last event, and the duration of the 
last event.  Wegener concluded that the lowest prediction error was associated with models that 
used prediction sum of squares analyses (PRESS).  The lowest prediction accuracy was found 
with linear models.  Flow was determined to be the most significant variable.  Wegener also 
incorporated the PRESS function into a Monte Carlo analysis.  In general, the study concluded 
that the predictive error and calibration error converge as the number of calibration points 
increases.  A calibration data set of 12 points was estimated to be sufficient for model use.  
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Overall, Wegner assessed that the model was useful in predicting TP loadings when the 
watershed characteristics and variables were considered. 
In all previous studies of the University Lakes system, the long-term effects of dredging 
and sewage diversion projects or other management strategies on phosphorus levels in the lake 
were not evaluated.  Instead, all studies focused on the immediate and short-term effects on 
water quality based on available calibration data from pre- and post restoration periods prior to 
1985.   Although each study recognized the important role that phosphorus plays in promoting 
the negative effects of eutrophication, none of the studies specifically addressed the management 
of phosphorus to address the growth of filamentous algae. 
1.6  Studies of Other Subtropical Lakes 
Relatively few studies have been conducted on lakes in the subtropical climate of the 
U.S. in comparison to lakes in the temperate zone.  Numerous studies have been conducted on 
relatively deep lakes in the temperate zone that are generally subjected to prolonged periods of 
thermal stratification, cooler climates, and are generally characterized by long retention periods.  
By comparison, lakes in subtropical climates are relatively shallow, polymictic and 
phytoplankton populations are subject to longer growing seasons.  Extensive research on lakes 
such as Florida’s Lake Okeechobee and Lake Apopka have resulted in important improvements 
in the understanding of the sources and fate of phosphorus in shallow, subtropical lake systems 
(Reddy et al., 1999).  Both lakes have experienced accelerated eutrophication and large algal 
blooms in recent decades due to rapid agricultural and urban development of the respective 
watersheds.  However, unlike the lakes in the University Lake system that underwent restoration 
nearly two decades ago, restoration efforts for Lake Apopka and Lake Okeechobee only began in 
the last decade.  Because of its relatively small size (0.3 km2), dredging of the sediments and 
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repair of sewage lines was feasible and achievable in a relatively short period of time in City 
Park Lake.  Beyond dredging and sewage pipeline repairs, virtually no watershed management 
strategies were implemented in the time since restoration.  Because of the size and complexity of 
Lake Okeechobee (1,732 km2) and Lake Apopka (125 km2), less invasive and less costly 
techniques than dredging are planned for these lakes and systematic watershed management of 
phosphorus sources is at the core of both efforts (Reddy et al., 1999).   In both lakes, internal 
phosphorus loadings from sediments are expected to increase the lake response time to 
reductions in external phosphorus loadings (Reddy et al., 1999).   In contrast to City Park Lake, 
the restoration of these lakes has focused primarily on reducing phosphorus loads from 
agricultural sources through the implementation of Best Management Practices (BMP’s) and, in 
the case of Lake Apopka, a marsh-flow system for the filtration of suspended solids in the lake 
(Schelske and Kenney, 2001).   
1.7 Literature Review of Phosphorus Model Parameters 
1.7.1 Quantification of Sediment Phosphorus Release Rate  
In recent decades, researchers have used a wide array of methods to quantify phosphorus 
flux from sediments.  Methods range from phosphorus mass balances (Premazzi et al., 1985; 
Sondergaard et al., 1999) to in situ measurements (Freedman et al., 1977; Holdren et al., 1980) to 
the laboratory simulation of environmental conditions on intact sediment cores (Holdren et al., 
1980; Lennox, 1984; Premazzi et al., 1985, McKenna, 1987; Moore et al., 1998).  The accurate 
quantification of phosphorus release from sediments by means of mass balance calculations 
requires a large database of lake phosphorus concentrations, terrestrial and atmospheric 
phosphorus loadings, a reasonable estimate of the phosphorus accumulation rate in the 
sediments, and reasonable certainty as to the concentration of phosphorus in the discharge 
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stream.  Furthermore, variations in each component over time and season must be considered.  
By comparison, in situ experiments require isolation of the sediment core from the effects wind 
and algal growth and decay.  Because the movement of phosphorus from the sediment to the 
water column is understood to be influenced by such variables as temperature and oxygen 
conditions, laboratory simulation of lake conditions on sediment phosphorus release allow for 
the control of ambient conditions and interference from biological and physical sources.   
Sediment phosphorus release rate vary widely according to lake location, sediment 
composition, geometry, and climate.  Due to the absence of standard methods, researchers have 
used a variety of techniques to determine phosphorus release rates from intact sediment cores.  
These techniques usually involve the incubation of sediment cores over a period of time, at a set 
temperature, and under either aerobic or anaerobic conditions. Holdren et al. (1980) compiled 
sediment phosphorus release rates of intact sediment cores for 10 lakes, rivers and bays in mostly 
temperate climates in the northern U.S.  Later, Premazzi et al. (1985) researched the phosphorus 
fluxes of sediments from select eutrophic lakes in northern Italy.  More recently, sediment 
release studies have been documented for subtropical lake systems such as City Park Lake, La. 
and Lake Okeechobee, Fl. (McKenna, 1987; Moore et al., 1998).  A summary of phosphorus 
release rates for sediments of similar nature to those in City Park Lake is presented in Table 1.2.   
All studies were performed on intact sediment cores at specific temperatures and oxygen 
conditions with no deliberate turbation of the sediments. The incubation periods varied from one 






Table 1.2  Summary of phosphorus release rates for intact sediment cores collected from 
various lakes 








<0.1 Aerobic 3 Holdren et al., 1980 
0.1 Anaerobic 3 Holdren et al., 1980 
4.0 Aerobic 7 Premazzi et al., 1985 
12.3 Anaerobic 7 Premazzi et al., 1985 
0.3 Aerobic 10 McKenna, 1987 
2.4 Anaerobic 10 McKenna, 1987 
1.1 Aerobic 16 Holdren et al., 1980 
3.8 Anaerobic 16 Holdren et al., 1980 
0.2 Aerobic 18 Holdren et al., 1980 
1.4 Anaerobic 18 Holdren et al., 1980 
2.2 Aerobic 20 McKenna, 1987 
13.9 Anaerobic 20 McKenna, 1987 
3.4 Aerobic 22 Moore et al., 1998 
12.3 Anaerobic 22 Moore et al., 1998 
10.1 Aerobic 30 McKenna, 1987 
32.7 Anaerobic 30 McKenna, 1987 
25.0 Anaerobic 30 This study 
 
The data illustrate the correlation between temperature, oxygen conditions and 
phosphorus release rates.  In general, higher release rates were measured under anaerobic 
conditions at higher temperatures.  McKenna (1987) demonstrated the correlation between 
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temperature and sediment phosphorus release when he derived a power function (Y = α xβ) for 
the modeling of phosphorus released based on water temperature.   
 
y = 0.0076 x2.33                                                                                (1) 
where  y = phosphorus release rate (mg/m2-day) 
x = temperature (°C) 
 
The equation represents the regression for both aerobic and anaerobic release conditions.  
As shown in Table 1.2, results from McKenna’s study generally fall within the range of results 
from other researchers.  
1.7.2 Quantification of Atmospheric Phosphorus Loading Rate  
 
In past lake modeling studies, the atmospheric deposition of phosphorus into lakes has all 
but been ignored.  Unlike nitrogen, phosphorus is essentially non-volatile and therefore is not 
often thought of as a problem in lakes.  Where extensive monitoring networks exist for the 
measurement of nitrogen, mercury and other volatile species, limited data is available on the 
magnitude of phosphorus loadings.  Extensive studies have been conducted in Florida to quantify 
wet and dry deposition of phosphorus according to land use (Brezonik and Pollman, 1999).  As 
opposed to total nitrogen, data collected by Brezonik and Pollman (1999) indicates that dry 
deposition accounts for the majority (>80%) of atmospheric phosphorus deposition.  Bulk 
deposition (wet and dry) of phosphorus was lowest in rural non-agricultural areas (0.027 g/m2-
yr) and highest in rural agricultural areas (0.066 g/m2-yr).  For urban areas, the deposition rate 
was 0.050 g/m2-yr.  For large lakes such as Lake Okeechobee, atmospheric phosphorus loadings 
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cannot be ignored.  Others have estimated atmospheric phosphorus loadings ranging from 0.0083 
g/m2-d to 0.083 g/m2-d for various land uses (Tetra Tech, 1982).   
1.7.3 Quantification of Phosphorus Burial Rate  
 
Only a percentage of the phosphorus that settles into the sediment layer is available for 
release through diffusion and advection to the water column.  That fraction of the settled 
phosphorus that is unavailable for release is “buried.”  The burial process occurs between the 
upper layers of the sediment profile that are active in releasing phosphorus to the deeper layers of 
sediment.  In the case of City Park Lake, the active layer is assumed to be <10 cm in depth.  
Various researchers have reported active-exchange sediment phosphorus depths ranging from 8 
to 12 cm (Holdren et al., 1980; Reddy et al., 1999).  The burial rate for sediments is dependent 
on several factors that influence the capacity of the sediment particles to retain phosphorus.  
When sufficient monitoring data is available, the phosphorus burial rate can be estimated by 
subtracting the phosphorus concentration in the outflow from the concentration in the inflow.  
Typically, however, the phosphorus burial rate is estimated based on sediment characteristics 
such as the Fe/P ratio or the redox potential of the soil.  Based on the oxidizing condition of the 
waters in Lake Washington and the presence of iron in the lake sediments, Lorenzen et al. (1976) 
assumed that as much as 50 to 80% of the phosphorus input to the lake sediments was not 
available for release.  This assumption was based on the percentage of acid-extractable and 
reductant-extractable portions of the sediment phosphorus.  Ultimately, the phosphorus 
concentration of the water is affected when the phosphorus in the active-exchange layer of the 
sediment is sufficiently depleted.  Therefore, the burial rate indirectly affects the phosphorus 
concentration of the lake.  For the purposes of this study, 30% of the phosphorus that settles to 
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the sediments was assumed to be permanently complexed with cations associated with sediment 
particles or incorporated in organic form. 
1.7.4 Quantification of Phosphorus Settling Rate  
 
The rate of phosphorus sedimentation in lake systems can be estimated by several 
methods.  The settling rate or settling velocity of particulate-bound phosphorus in storm water 
may be estimated based on the sizes and densities of representative particles.   For quiescent 
waters, the settling velocity of particles under ideal and laminar flow conditions can be 
calculated using Stoke’s Law.  Numerous references for settling velocities of organic and 
inorganic particles are available.  Based on velocities presented by Wetzel (1975) and Burns and 
Rosa (1980), the settling velocities for organic particles and phytoplankton vary from 0.1 to 1 
m/d.  During the growth phase of microorganisms, settling velocities as high as 6.8 m/d are 
theoretically possible (Wetzel, 1975).  For inorganic clays and silts, velocities ranging from 0.3 
to 30.0 m/d are estimated.  Based on the characteristics of the City Park Lake watershed and 
observations during storm events, storm water loadings to the lake generally consist of high 
levels of silt and organic particles resulting from the breakdown of detritus.   The phosphorus 
associated with organic and inorganic particles can exist in sorbed form or, in the case of organic 
particles, as part of the organic composition.   A conservative approach to estimating the settling 
velocity of phosphorus in the lake system is therefore based on the smaller particles, namely 
microorganisms.   
However, due to the turbulent nature of natural waters, Stokes’ law is not widely used in 
practice to estimate phosphorus sedimentation rates (Chapra, 1997).  Instead, phosphorus 
sedimentation rates are measured directly or used as calibration factors in water quality models 
(Chapra, 1997).  Direct measurement of sedimentation rates is possible with the deployment of 
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sediment traps.  Mass-balances based on input and output concentrations can also be used to 
indirectly measure sedimentation rates.  However, in the case of mass-balances, the sediment 
phosphorus release rate must be accurately quantified.  Because of the amount of data required to 
accurately quantify phosphorus sedimentation rates over time, several researchers who have 
employed phosphorus-modeling techniques to lakes have treated phosphorus sedimentation rates 
as calibration terms.  As reported by other researchers, net sedimentation rates which resulted 
from the calibration of lake phosphorus models are shown in Table 1.3.  As shown, 
sedimentation rates vary by an order of magnitude. 
             Table 1.3  Summary of phosphorus settling rates resulting from model calibration for 







0.10 Washington (Washington, US) Lorenzen et al., 1976 
0.009 Crest (Louisiana, US) Mericas, 1982 
0.04 Veluwe (Netherlands) Van der Molen, 1991 
0.12 Shagawa (Minnesota, US) Chapra, 1997 
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Chapter 2:  An Assessment of Long-term Post-restoration Water 
Quality Trends in a Shallow, Subtropical, Urban Hypereutrophic Lake 
 
2.1 Introduction 
The establishment of the Clean Lakes Program (Section 314 of the Federal Water 
Pollution Control Act) in 1972 signaled a commitment at the federal level to our nation’s 
lakes and reservoirs.  While the initial scope of the program was narrow, primarily 
focusing on the water bodies themselves in contrast to today’s focus on entire watersheds, 
the program succeeded in focusing attention on the level of “cultural eutrophication” that 
had taken place in U.S. lakes.  Since 1976, more than $145 million in funds have been 
awarded for the restoration of severely eutrophic and deteriorated lakes (USEPA, 2001).  
Although program funding aided the restoration of lakes and reservoirs in 49 states, the 
majority of research programs and assessments of restoration effectiveness have focused 
on deep lakes located in northern, temperate climates.  
More than two decades have passed since the initial restoration activities, but little 
is known about the long-term effectiveness of these restoration efforts.  In contrast to 
today’s restoration programs that not only focus on the water body, but on the 
surrounding watershed and the implementation of best management strategies for 
sustainable water quality, most of the restoration projects initially funded by the Clean 
Lakes Program were viewed as one-time problem-solving efforts.  Presently, more data 
and knowledge is available to establish the relationship between land-use practices and 
water quality. Still, relatively few studies have focused on shallow, subtropical, 
hypereutrophic systems. 
The focus of this paper is to present the assessment of the long-term, post-
restoration water quality trends and the effects of limited implementation of management 
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strategies on a shallow, subtropical, urban hypereutrophic lake. The specific objectives of 
this study were:  (1) the collection and analysis of City Park Lake water quality during 
2000-2001; (2) an assessment of the current status of the lake with respect to trophic 
state; and (3) an assessment of the post-restoration water quality trends based on 
available historic data.   
2.2 Study Site 
City Park Lake, located in Baton Rouge, Louisiana, is approximately three km 
east of the Mississippi River and 105 km from the Gulf of Mexico at an approximate 
elevation of 9 m above mean sea level.  Baton Rouge is located in the subtropical climate 
zone at a longitude of 91° West and latitude of 30° North.  The city’s 30-year normal 
precipitation is 155 cm, and rainfall is most frequent during July and August.  Severe 
storms are most frequent during the spring months.  The average normal temperature 
(based on a 30-year period) is 19.8 °C with an average low of 9.9 °C and an average high 
of 27.9 °C (NOAA, 2001).  Baton Rouge is subject to polar fronts during the winter 
months.  Winds are normally relatively light and average less than 16 km/hr.   
This lake is one of six comprising the University Lakes System and was 
constructed during the early 1930’s on land that was originally characterized as cypress 
swamp.  The construction of City Park Lake coincided with the establishment of 
Louisiana State University (LSU), less than 0.8 km west of the lakes, and the 
construction of City Park Lake golf course.  The primary purpose of the lake construction 
was the elimination of stagnant mosquito-breeding areas and the establishment of a 
recreational and educational source for the community.  The construction of City Park 
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Lake was followed by the construction of University Lake to the south, and College, 
Campus, Crest and Erie Lakes in the 1930’s.  
City Park Lake is shallow, with an average post-restoration depth of 1.2 m, an 
approximate surface area of 0.23 km2, and a mean hydraulic residence time of 56 days 
(Malone et al., 1991).    The fetch of the lake is oriented from north to south (Figure 1.1).  
Bayou Duplantier serves as the primary source of storm water flow into the north end of 
the lake.  On the south end, the lake is bordered by University Lake, where the principle 
spillway is located.  The lake is located on relatively recent alluvial deposits of the 
Mississippi River and at the transition between the nearly level silty soils of the Prairie 
formation and the gently sloping silty soils of the Montgomery formation (SCS, 1968).    
The Montgomery formation is characterized by ridges that average approximately 6 to 12 
m in elevation above those of the Prairie formation soils.  The original foundation of the 
lake was formerly the site of a cypress swamp and is comprised of slowly permeable 
organic clays and silty clays (City-Parish of Baton Rouge, 1977).  Lake sediments are 
primarily silty in texture and relatively unconsolidated.  The watershed is comprised of 
Loring silt loam (LoA, LoB, LoC2) with level to five percent slopes and Olivier silt 
loams (O1A, O1B) with level to three percent slopes. The Loring and Olivier silt loam 
soils belong to the Alfisols Order.  As such, Alfisols are high in bases and have a B-
horizon that is rich in clay (SCS, 1968).  Terraced escarpments are common along the 
northern perimeter of the lake watershed.  As silt loams, these soils range from poorly to 
moderately well drained and slowly to moderately permeable. 
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Figure 2.1  Map of study area 
 
The lake watershed is mostly urban with a total drainage area of 1.922 km2.  The 
majority of the watershed is comprised of single-family housing (44.2%), with City Park 





the watershed is dominated by oak trees, pine trees, and bermuda and bahaia grasses. The 
lake is traversed by Interstate-10 and a heavily traveled railroad, which serve as potential 
sources of anthropogenic pollutants in the lake.  The lake itself accounts for 12.0 % of the 
total watershed.  According to aerial photographs, land uses within the watershed have 
changed very little over the past 30 years. (SCS, 1968). 





% of total  
watershed area 
Streets(1) 0.219 11.4 
Interstate-10(1) 0.049 2.5 
Railroad(1) 0.012 0.6 
Single family housing(1) 0.850 44.2 
Apt./Multi. Family housing(1) 0.012 0.6 
Institutional(1) 0.045 2.3 
Commercial(1) 0.045 2.3 
Repair/Manufacturing(1) 0.004 0.2 
Park/Open(1) 0.401 20.9 
Other open(1) 0.057 3.0 
Lake(2) 0.230 12.0 
TOTAL 1.924 100.0 
(1) Reich Associates, 1991 
(2) Malone et al., 1991 
 
In the decades that followed its construction, City Park Lake served as a 
recreational resource for fishing, boating and bird watching.  Historically, largemouth 
bass, crappie and other sunfish were stocked and fishing was common (City-Parish of 
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Baton Rouge, 1977).  As water quality deteriorated in the 1950’s and 1960’s, fish species 
that are commonly referred to as “trash” fish, mainly threadfin shad, became more 
abundant.  In 1951, water lilies had to be removed from the lakes (Reich Associates, 
1991).  Swimming was banned in 1957 reportedly due to sewage contamination from 
neighboring residences.  Between 1957 and 1978, frequent fish kills were observed on 
the University Lakes primarily due to oxygen depletion from algal decay.  
2.3 Overview of Restoration Activities 
2.3.1  Restoration of City Park Lake 
The main objectives of the restoration plan were to increase the overall depth of 
the lake, to remove phosphorous-laden sediments through dredging, and to reduce 
nutrient loads through the repair of leaky sewer pipelines.  It was anticipated that 
deepening the lake would enhance water quality by reducing the nutrients available to 
primary producers, creating a profundal zone where organic materials would concentrate 
and decay, and increasing the oxygen storage capacity of the lakes, thereby resulting in 
less frequent fish kills (City-Parish of Baton Rouge, 1977).  Initial water quality and 
biological assessments were conducted in conjunction with researchers at Louisiana State 
University, and bathymetric surveys were performed in each lake.   Funding for the 
restoration was approved in 1978 in the total amount of $3 million, with equal funding 
from the City-Parish of Baton Rouge and the U.S. Environmental Protection Agency.  
Ancillary funding on the part of local agencies was estimated at $1.5 M (Knaus and 
Malone, 1984).  Dredging of City Park Lake occurred between February and June of 
1983.  Routine water quality sampling occurred continuously between 1979 and 1984, 
with brief interruptions during dredging. 
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Due to concerns over heavy metal contamination in City Park Lake’s sediments, a 
“dredge-skim” method was used to reduce potential impacts in spoil disposal areas.  
Accordingly, upper layer sediments that were more likely to be contaminated were 
pushed to one side of the lake, and deeper, less contaminated sediments were excavated.  
Contaminated sediments were deposited in the deeper recesses and then covered with the 
less contaminated sediments.  The remaining sediments were used to form a beach area 
on the southern end of the lake.  In total, approximately 100,000 m3 of sediment were 
dredged, resulting in a net increase in the mean depth of approximately 0.3 m (Knaus and 
Malone, 1984).  A comparison of pre- and post-restoration lake characteristics is shown 
in Table 2.2. 
       Table 2.2  Summary of pre- and post-restoration characteristics of City Park Lake 
Characteristic Pre-restoration Post-restoration 
Surface area (km2) 0.24    0.23(1) 
Average depth (m) 0.9 1.2 
Hydraulic retention time (days) 47 56 
(1) Decrease in surface area due to in-lake spoil disposal. (Source:  Knaus and 
      Malone, 1984) 
 
The restoration effort resulted in immediate improvements in the oxygen storage 
capacity of the lake and improved transparency in the water column (Gremillion et al., 
1984).  With the exception of a large filamentous algal bloom that occurred the year 
following the completion of the restoration project, the frequency of algal blooms was 
diminished (Gremillion et al., 1984; Malone et al., 1991).  However, during the 1990’s 
several large occurrences of floating filamentous algae provided indication that the 
quality of City Park Lake had degraded since restoration.  Public concern over thick mats 
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of floating filamentous algae resulted in news coverage when the algae were observed 
along large stretches of the City Park Lake shoreline in September of 1993 (Shinkle, 
1993).   During this notable event, floating algae were approximated to extend 90 meters 
from the shoreline.   Whereas unicellular algae spend the majority of their lifecycle 
suspended in the water column, filamentous algae originate in the sediment surface where 
nutrients are in great abundance.  These algae are buoyed to the surface of the lake by 
decompositional gases such as methane (CH4) and hydrogen sulfide (H2S).  Mats of 
filamentous algae can exits on the lake surface for the duration of the growing season. 
2.3.2  Previous Assessments of Restoration Effects on Water Quality for City Park 
Lake and Other Lakes in the University Lakes System 
 
Previous studies of the University Lakes system primarily focused on the short-
term effectiveness of dredging and sewage diversion in improving water quality (Knaus 
and Malone, 1984; Gremillion et al., 1984).   In all cases, the effectiveness of the 
restoration was evaluated based on data collected up to 1984.  In 1986, a Lakes 
Commission was established to address continued management of the University Lakes.  
An extensive water quality monitoring program was implemented in 1990-1991 to 
evaluate the water quality status of the University Lakes system nearly one decade 
following restoration as part of the “City-Park/University Lakes Management Plan” 
(Reich Associates, 1991; Malone et al., 1991).  Malone et al. (1991) reported that overall 
total phosphorus (TP) levels fell slightly between pre-restoration and 1991 and algal 
density dropped dramatically.  Overall, nutrient levels were found to remain high.  The 
control of phosphorus input from Bayou Duplantier was suggested as a potential focal 
point for reducing the level of phosphorus levels in the City Park Lake.  In addition, fecal 
coliform counts were very high due to suspected continued problems with sewage 
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leakage.  This source of contamination in the lake suggests that continued sewage leaks 
might continue to serve as yet another source of phosphorus loadings into the lake. 
Since restoration, few or no improvements in watershed and lake management 
have occurred with respect to City Park Lake or the other lakes in the University Lakes 
System.  A small retention pond and strategic erosion control structures were 
implemented during the late 1990’s on the City Park Lake golf course.   
2.4 Methods and Materials 
Prior to the initiation of the one-year monitoring program on City Park Lake, the 
lateral homogeneity of the lake was assessed.  On May 29, 2000 six sample points were 
selected on City Park Lake based on available aerial photographs, maps, influent 
structure locations and the surface area of the Lake.  The northing and easting positions 
for each sampling site were recorded with the aid of a hand-held Rockwell Global 
Positioning System (GPS) (Appendix A).  The depths at each site were measured using a 
fiberglass engineering survey rod.  Based on the observation of seasonal thermal 
stratification in many southern lakes and on the previous, documented water quality 
analyses conducted in 1990 (Malone et al., 1991), it was determined that separate in situ 
measurements and samplings may still be required to account for vertical heterogeneity.  
Water samples were collected at each site at depths of 0.3 m below the water surface 
(top) and 0.3 m above the sediment (bottom).  Bottom samples were obtained using a 
fabricated PVC bailer.  One sample at mid-depth was determined to be representative of 
sites with water depths of 1.0 m or less.  Samples were filtered and analyzed in triplicate 
for total phosphorus concentrations.    
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Statistical analyses (P < 0.01) indicated that City Park Lake was laterally well-
mixed facilitating sampling at only one site (Appendix A).  However, to better represent 
the water quality parameters and to maximize the number of data points, two sampling 
sites, one near the outlet end of the lake (Site 1) and one near the inlet end of the lake 
(Site 5), were designated for the collection of routine water quality samples (Appendix 
A).   
Top and bottom in situ measurements and analytical data were collected for Sites 
1 and 5 in City Park Lake between June 2000 and June 2001.  The sites were sampled 
twice-per month from March to October, and once-per-month from November to 
February.  In situ measurements of air temperature, water temperature, pH, Dissolved 
Oxygen (DO), and transparency were performed with a YSI 95 hand-held dissolved 
oxygen and temperature meter, an Orion pH meter, and a 25 cm diameter Secchi disk.  
Water samples were analyzed in LSU’s Department of Civil and Environmental 
Engineering’s Water Quality Lab for total phosphorus (TP) [Method 4500-P E.], ortho-
phosphate (OP) [Method 4500-P E.], total Kjedahl nitrogen (TKN) [Method 4500-Norg 
C.], total ammonia nitrogen (TAN) [Method 4500-NH3 F.], nitrite+nitrate-nitrogen 
(NO2+NO3-N) [Method 4500-NO3 E,] , Chlorophyll-a  (Chl-a) [Method 10200 H.], total 
suspended solids (TSS) [Method 2540 D.], and volatile suspended solids (VSS) [Method 
2540 E.].  All water quality analyses were performed in triplicate and in accordance with 
Standard Methods (APHA, 1998).  TKN and TP analyses were performed on unfiltered 
samples.  TAN, NO2+NO3–N and TSS/VSS analyses were performed on samples that 
were filtered through 1.2 µm glass fiber filters.  Chl-a samples were filtered through 0.7 
µm glass fiber filters.  
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2.5 Results and Discussion 
2.5.1  General Observations and Characteristics of City Park Lake   
During the 2000 and 2001 summers, no evidence of floating filamentous algae 
was observed on the surface of City Park Lake.  However, filamentous algae were 
observed growing in the sediment along very shallow portions of the lake, particularly on 
the north and south shores.   Coincidental to the absence of significant amounts of 
floating algae, the lake water was observed to be rich in organic color in contrast to 
relatively clear water conditions in previous years.  The darker water color in City Park 
Lake and the absence of floating algae on the surface of the lake during the 2000 and 
2001 growing seasons were attributed to two potential causes: below normal precipitation 
amounts and tannins that have resulted from biological decomposition processes.   
Beginning in 1998, the City of Baton Rouge experienced significantly less 
precipitation than normal.  The normal annual precipitation for Baton Rouge, based on 30 
years of precipitation data, is approximately 155 cm (NOAA, 2001) (Figure 2.2).  The 
precipitation total for 2000 was 97 cm (Louisiana Office of State Climatology, 2001). 
The precipitation departure during 2000 represents a continuation of drought-like 
conditions that began in 1998.  It is important to note that during each of the years since 
the beginning of the drought, floating filamentous algae has been absent from City Park 
Lake.  Under normal conditions, the hydraulic retention time (HRT) for City Park Lake is 
56 days (Malone et al., 1991).  The average HRT based on 2000 precipitation data was 
approximately 89 days, or 1.6 times the normal HRT.  The most recent observations of 
floating filamentous algae during the early 1990s coincided with normal to above-normal 































 Figure 2.2 Trends in annual precipitation amounts for Baton Rouge, Louisiana    
(Source:  NOAA, 2001) 
 
Extensive phytoplankton surveys were conducted in 1977, 1979 and 1980, 
presumably during periods of relatively large algal growth in City Park Lake.  The 
principal phytoplankton divisions identified in City Park Lake during the 1977 growing 
season included, in order from most abundant to least abundant, cyanophytes, 
chlorophytes, chrysophytes and euglenophytes (City-Parish of East Baton Rouge, 1977). 
Predominant algal taxa documented during 1980 included Spirulina sp. (cyanophyceae), 
Microcystis sp. (cyanophyceae), Scenedesmus quadricauda (chlorophyceae), Lyngbya 
(cyanophyceae), Coccoid Green Cells, Centric diatoma, Micractinium pusillum var. 
elegans (chlorophyceae), Nitzscia spp. (bacillariophyceae), Merismopedia tenuissima 
(cyanophyceae), Anaebaena spiroides var. contracta (cyanophyceae), and Golenkina 
radiata var. brevispina (chlorophyceae) (City-Parish of Baton Rouge, 1977). Three to 
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four fish kills were documented to have occurred per year due to the collapse and decay 
of large algal populations in years immediately preceding restoration (Gremillion et al., 
1984).  During each year for which floating algae were documented (1977, 1979 and 
1980), precipitation amounts exceeded the 30-year normal precipitation.  Due to 
discontinuous records of algal blooms and taxa between 1977 and 2000, the historic 
correlation between rainfall amounts and the occurrence of floating algae remains 
inconclusive, however years for which algal populations were documented in City Park 
Lake either coincided with or were preceded by normal to above-normal precipitation 
amounts.   
Because filamentous algae were observed below the water surface during the 
2000-2001 growing seasons, growth of the algae in significant quantities was limited 
more by light absorbance in the water column than by nutrient-limitation.  As is typical of 
most biological reactors, an increased hydraulic retention time results in a longer contact 
time between microorganisms and substrates.  During recent years, City Park Lake has 
acted much like a fed-batch reactor; i.e. storm flows through the lake are less continuous 
than in normal years.  Due to the longer retention time, the biological decomposition of 
substances in storm flows and detritus in the lake can continue into digestion stages that 
are not commonly observed during normal precipitation years.  The products of 
respiration and photosynthesis are flushed less frequently in years for which precipitation 
amounts are less than normal, resulting in “chemical perturbation” (Stumm and Morgan, 
1981).  Chemical perturbation, which occurs when the ratio of photosynthetic production 
to respiration is less than one, results in the accelerated and growth of heterotrophic 
organisms and subsequent release of biologically degradable organic substances. The 
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decomposition of biological particles such as algae, plants, leaf litter and bark in aquatic 
environments results in the release of humic substances.  As humic substances, tannins 
are characterized by complex formations, adsorbability and color (Stumm and Morgan, 
1981).  Like other natural organics, tannins are slowly degradable and can remain for 
long periods of time in retention basins such as lakes.  The absorbance of sunlight can 
result in a reduction in photosynthetic activity of filamentous algae that begins its 
lifecycle rooted in sediments, which may help to explain the absence of floating 
filamentous algae during the 2000-2001 study period.   
2.5.2  Comparison of 2000-2001 Monitoring Program and Pre-restoration Results 
A summary of results for the 2000-2001 water-quality sampling program is 
presented in Tables 2.3 and 2.4.  A comprehensive listing of results is provided in 
 
Table 2.3  Summary of 2000-2001 in situ measurements for City Park Lake 














Site 1 mean: 


































Range: 0.82-1.65 0.20-1.16 4.7-30.4 8.6-32.0 6.53-8.26 0.64-7.88 
n: 46 44 46 90 92 90 
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Appendix B.  The tables are comprised of three sets of water quality data:  (1) site 
specific means for each parameter; (2) the means for both sites according to the location 
in the water column (top or bottom); and (3) the overall mean for both sites and both 
locations in the water column.  The statistical data for each parameter is representative of 
all available data for the duration of the sampling program.  
 
Table 2.4  Summary of 2000-2001 analytical results for City Park Lake 
 
To provide a framework in which to compare trophic conditions in City Park 
Lake to other lakes, the Organization for Economic Co-operation and Development’s 
(OECD) trophic-state classification system, which is based on the work of Vollenweider 
and Carekes (1980) (Table 2.5), was used to gauge the trophic condition of the lake. The 
trophic-state classifications as listed provide an indication of the degree of nutrient 
enrichment and productivity of lakes.  The annual geometric means for pre-restoration 
(June 1979-February 1983), post-restoration (June 1983 - Sept. 1984), March 1990 - June 
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Std. Error: 3.660 0.018 0.008 0.036 0.012 0.015 1.66 1.18 
n: 60 87 87 75 71 72 82 78 
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restoration, the lake transitioned from hypereutrophic to eutrophic conditions.  Due 
primarily to relatively high phosphorus and Chl-a concentrations, hypereutrophic status 
Table 2.5.  OECD ranges of trophic state variables based on scientists’ opinions (after 
Vollenweider and Carekes, 1980) 
NOTE:  Means are geometric annual means (log 10), except peak Chlorophyll a.  Table 
was adapted from USEPA Nutrient Guidance for Lakes and Reservoirs, 2000.  
*  Peak concentration for sampling period. 
 
is once again indicated based on data from the 2000-2001 sampling program.   Relatively 
low total nitrogen (TN) concentrations in comparison to the other trophic-state variables 
during 2000-2001 indicate a possible correlation between TP concentrations and 















TP (ug/L)       
Mean 8 27 84 332 196 330 
range (n) 3-18 (21) 11-96 (19) 16-390 (71)    
TN (ug/L)       
Mean 660 750 1,900 3,074 997 682 
range (n) 310-1600 (11) 360-1400 (8) 390-6,100 (37)    
Chl-a (ug/L)       
Mean 1.7 4.7 14 191.1 2.7 35.1 
range (n) 0.3-4.5 (22) 3-11 (16) 2.7-78 (70)    
Peak Chl-a (ug/L)       
Mean 4.2 16 43 793.8* 63.3* 95.4* 
range (n) 1.3-11 (6) 5-50 (12) 10-280 (46)    
Secchi depth (m)       
Mean 9.9 4.2 2.4 0.2 0.3 0.4 
range (n) 5.4-28 (13) 1.5-8.1 (20) 0.8-7.0 (70)    
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increases in algal biomass as measured by Chl-a.  The use of Secchi depth data for 
classification purposes without consideration for the organic staining of the lake water 
during 2000-2001 may lead to incorrect conclusions concerning the source of light 
attenuation.  Therefore, the decrease in Secchi depths observed between 1983-1984 and 
2000-2001 is influenced more by organic staining than by the presence of phytoplankton.  
Gremillion et al. (1984) compiled 
summer data (June through August) for 
years that corresponded with pre- and 
post-restoration periods.   Presentation of 
this data and summer means for the 1990 
and 2000 sampling program clearly 
demonstrate the effects that dredging and 
the repair of leaky sewer pipelines had on 
the water quality in City Park Lake 
(Figures 2.3-2.7).  Dramatic decreases in 
mean summer TP, TN, and TSS 
concentrations were accompanied by 
improved water clarity immediately 
following restoration activities in 1983.  
During the summer of 1984, Gremillion et 
al. (1984) documented the occurrence of 
“new problems not historically observed in 
this lake system.”  The most apparent problem was the occurrence of filamentous 
Figure 2.3  Timetrace of mean summer TP 

























Figure 2.4  Timetrace of mean summer TKN 





































Spirogyra along approximately 80% of the shallow City Park Lake shoreline.  This first 
post-restoration outbreak of filamentous algae was attributed primarily to a decline in 
turbidity following dredging activities, elimination of phytoplanktonic shading, and the 
transport of interstitial nutrients from deep to shallow sediments following dredging 
(Gremillion et al., 1984).  Macrophytes were largely absent throughout the previous 
history of the University Lakes system and during the first post-restoration year.   
In the decades that followed restoration, TP concentrations steadily increased 
while TN concentrations decreased (Figures 2.3 and 2.4).  Following 1984, TN 
concentrations peaked during the summer of 1990 but have since declined.  The contrast 
in nutrient trends during post-restoration was likely influenced by sediment phosphorus 
release and reduced TN loadings from storm water following 1998.  According to a 
previous study of phosphorus in City Park Lake, McKenna (1987) determined that 
sediment phosphorus release contributed significantly to the overall phosphorus budget, 
especially during summer months when water temperatures peak.  Furthermore, other 
researchers have recognized that sediment phosphorus release can delay the recovery of 
lake systems after the reduction of external phosphorus loadings (Brezolik and Pollman, 
1999).  Few, if any, watershed nutrient and no in-lake nutrient control strategies have 
been implemented in the City Park Lake since restoration.  Nitrogen that is released from 
sediments ultimately exits the lake system in gaseous form.  Therefore, measurable 
nitrogen in the lake primarily exists in organic form due to biological assimilation or in 
inorganic forms due to storm water loadings.  In years of relatively low precipitation and 
high organic staining of lake water, nitrogen levels can be expected to decrease.  On the 
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other hand, phosphorus that is released from lake sediments is retained in the lake in 
either organic or inorganic forms until it is flushed or settles from the lake water.   
For more than two decades 
since the restoration of City Park Lake, 
Chl-a and TSS concentrations 
gradually increased, but remained 
below pre-restoration summer 
concentrations (Figures 2.5 and 2.6).  
Since peaking in 1984, Secchi depths 
were observed to return to pre-
restoration levels (Figure 2.7).  This 
transition is due in part to the presence 
of organic substances during the 2000-
2001 sampling program.  In contrast, 
mean summer TP concentration  (462 
µg/L) observed during 2000-2001 
nearly surpassed the peak mean 
summer concentration observed during 
1981 (504 µg/L).  
Higher Chl-a concentrations generally correlated with higher TP concentrations 
during summer months for pre-restoration years (Figure 2.8).  Chl-a, as a percentage of 
TP concentration for each of the pre-restoration years for which data was collected (1980, 





























Figure 2.5  Timetrace of mean summer Chl-a 
concentrations in City Park Lake  


































of phosphorus from dredged 
sediments. Low Chl-a concentrations 
for the summer of 1983, when 
relatively high TP concentrations were 
observed, is likely due to substantial 
sediment suspension in the months that 
followed dredging activities 
(Gremillion et al., 1984).  Therefore, 
































TP Chl-aNote:  Chl-a  data not available for 1979.
Figure 2.8  Comparison of mean summer TP and Chl-a concentrations in City Park 
Lake 
Figure 2.7  Timetrace of mean summer Secchi 
































post-restoration conditions.  On the other hand, data for 1984 through 2000 show a post-
restoration trend toward TP concentrations that approximate pre-restoration summer 
concentrations.  Summer Chl-a as a percentage of summer TP for 1984, 1990 and 2000 
average 14.6%.  This trend demonstrates the limitation of algal growth due to other 
parameters than phosphorus.  The observation of organic staining in City Park Lake 
indicates that algal growth was likely inhibited due to the absorbance of light in the water 
column rather than by nutrient-limitation. 
The impact of light limitation on algal growth was evaluated by comparing 







































Chl-a Secchi depthNote:  Chl-a data not available for 1979.
Figure 2.9  Comparison of mean summer Secchi depths and Chl-a concentrations in 
City Park Lake 
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Secchi depths approximated those measured during post-restoration years (1984, 1990 
and 2000).  The data presented in Figures 2.8 and 2.9 for 1984 provides indication of a 
critical shift in the predominant types of phytoplankton that occurred during the post-
restoration period.  Although Chl-a provides a good measurement of suspended biomass 
concentrations, lower Chl-a concentrations reported for post-restoration years do not 
accurately reflect the occurrence of filamentous algae or vascular plant growth.  By 
comparison to pre-restoration years, sufficient phosphorus should have been available for 
the production of algae in line with what occurred in during pre-restoration years, 
however, the presence of organic acids during a drought period is likely responsible for 
the relatively low Chl-a concentrations and low Secchi depths observed during the 
summer of 2000. 
2.5.3  Nutrient Limitation Trends and Implications 
 
Limnologists and engineers refer to the nitrogen to phosphorus (N:P) ratio of a 
lake to describe lake status.  Lakes for which N:P ratios exceed 7.2 are generally termed 
“phosphorus-limited” (Chapra, 1997).  This number is derived from Redfield’s 
stoichiometry and is the approximate ratio of nitrogen mass to phosphorus mass in 
suspended algal biomass.  For N:P ratios that are greater than 7.2, phosphorus limits plant 
growth.  Conversely, nitrogen limits plant growth for N:P ratios less than 7.2.  The 
limitation of particular nutrient may result in the overall limitation of algal growth if light 
and temperature levels are also unfavorable for algal growth, however, nutrient limitation 
may also promote certain types of algae over others.  For example, algae that fix 
atmospheric nitrogen, such as cyanobacteria, are more commonly observed in fresh 
surface waters with low N:P ratios (< 4) (Thomann and Mueller, 1987).   
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The ratio of TN to TP was computed for each set of available data from pre- and 
post-restoration sampling programs.  A review of the annual TN:TP ratios from pre-
restoration to present demonstrates a trend from phosphorus-limited conditions to 
nitrogen-limited conditions (Figure 2.10).  This trend is an indication that phosphorus 
accumulation in the lake over the past 20 years has exceeded that of nitrogen.  Although 
“nitrogen limitation” implies a deficiency in nitrogen with respect to phosphorus, 
elevated phosphorus levels rather than deficiencies in nitrogen are responsible for 
nitrogen limitation in City Park Lake.  
 
For the 2000-2001 data, Analysis of the data resulted in an annual mean TN:TP 
ratio of 2.14 (Std. Err.= 0.21, n = 75).  The mean TN:TP ratio for summer months (June, 
July and August) was 1.42.  The sample population consisted of 34 data points ranging 

























Figure 2.10  Trends in annual TN:TP ratios in City Park 
Lake 
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Because TN and TP account for forms of each nutrient that are not immediately available 
for uptake (i.e. organic nitrogen and phosphorus), some researchers have found that 
nutrient limitation assessments falsely predicted that phosphorus was the limiting nutrient 
in eutrophic and hypereutrophic Florida lakes (Schelske et al., 1999).   TN:TP ratios for 
pre-restoration and 2000-2001 sampling periods were compared with total inorganic 
nitrogen (TIN): soluble reactive phosphorus (SRP) for the same periods.  Whereas 
phosphorus limited conditions (TN:TP=11.14) were indicated for the pre-restoration year 
(1979-1980) using a TN: TP ratio, nitrogen limited conditions were indicated using a 
TIN: SRP (5.21) ratio.  The nutrient limitation for the 2000-2001 sampling period 
remained virtually unchanged (TN:TP=2.60 and TIN:SRP=2.05).  The data presented 
indicate that phosphorus loadings to the lake from internal sources such as sediments 
have outpaced net nitrogen loadings.  Although nitrogen loadings from sediments were 
not measured as part of this study, the impact of nitrogen mass into the lake water is 
mitigated by nitrification/denitrification processes, whereas phosphorus that is released 
from sediments is primarily exported from the lake through hydraulic flushing.   
As lakes become more eutrophic, the diversification of phytoplankton decreases, 
ultimately resulting in the dominance of cyanobacteria (formerly referred to a blue-green 
algae) (Dokulil and Teubner, 2000).  Shallow lake depths have been observed to promote 
the predominance of filamentous cyanobacteria, while deep lakes are commonly pre-
dominated by colony-forming types (Schreurs, 1992).  The transition from marginally 
nitrogen-limited conditions to extremely nitrogen-limited conditions can result in the 
predominance of algal species with the ability to “fix” atmospheric nitrogen.  Although 
lakes with low TN: TP ratios generally favor nitrogen fixing algal species, Teubner et al. 
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(1997), suggest that the timing of critical ratios influence the dominance of one 
cyanobacteria species versus another.  In addition, filamentous algae, like cyanobacteria, 
originate in sediments and therefore have access to large reservoirs of phosphorus thus 
gaining the competitive edge, at least during early growth stages, over suspended, non-
filamentous algal species.  Although no formal phytoplankton surveys have been 
conducted in recent years, the transition to extremely nitrogen-limited conditions 
presumably played a role in the occurrence of recent filamentous algal blooms. The 
interrelation between TN, TP and soluble reactive silica also has been documented to 
promote specific species of phytoplankton over others (Dokulil and Teubner, 2000).  For 
example, based on research conducted on a deep alpine lake, Dokulil and Teubner (2000) 
found that higher TN:TP ratios and low silica to nitrogen (Si:N) and silica to phosphorus 
(Si:P) ratios resulted in the predominance of cyanobacteria.  Whereas, phytoplankton 
surveys conducted on the same lake during the following year revealed that high soluble 
reactive silica (SRSi) concentrations and low TN:TP ratios resulted in the predominance 
of diatomaceous algae.  Thus, although the elimination of phytoplankton in 
hypereutrophic lakes is improbable, management of nutrient loadings can result in 
nutrient limitations that favor one phytoplankton over another.   
The use of nutrient ratios as a prediction tool for estimating the potential for 
phytoplankton blooms or the potential for predominance by a specific species of 
phytoplankton should be used with caution.  For example, nutrient ratios provide no 
indication of the effects of temperature or light climate on the pre-dominance of 
particular phytoplankton species.  Also, lake morphology characteristics such as depth 
and fetch can influence whether or not algal growth occurs and the survival of specific 
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species versus others.  Additionally, nutrient limitations do not account for the role of 
luxury uptake by algae.  Luxury uptake occurs when algae consume SRP when its 
quantity in the environment exceeds the metabolic capacity to assimilate (Chapra, 1997).  
Under these conditions, algae can store SRP as polyphosphate and utilize the stored 
phosphorus when phosphorus levels decline in the water environment.  Thus, when 
luxury uptake occurs, nutrient ratios cannot accurately account for biologically integrated 
forms of phosphorus that may be used for luxury uptake.     
2.5.4  Post-Restoration Trends in Phytoplankton Biomass Correlations  
 
Empirical phosphorus-to-chlorophyll-a correlations are commonly found in 
literature (Dillon and Rigler, 1974; Rast and Lee, 1978; Bartsch and Gakstatter, 1978; 
Smith and Shapiro, 1981).   In general, many of the reported phosphorus-to-chlorophyll-a 
correlations were based on empirical data from northern and northeastern United States 
lakes that varied widely in depths, mixing conditions and nutrient concentrations.  
Although the correlations provide a simple tool for estimating primary productivity of 
lake systems, they only provide an indication of productivity as a function of the 
relationship under study and should only be applied to lakes represented by the sample 
population.  For example, phosphorus-to-Chl-a relationships can provide useful 
information about the degree of primary productivity based on phosphorus 
concentrations.  The degree of scatter and location of the plotted data in relation to linear 
correlations can also provide an indication of growth-limiting light conditions.   Due to 
the nature of sample collection and analyses procedures, Chl-a concentrations are closely 
related to the amount of phytoplankton biomass that occupies volume within the water 
column.  Therefore, Chl-a analyses can provide a good measurement of suspended algae.  
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Phosphorus and Chl-a concentrations were measured during several critical stages 
in the history of City Park Lake.  These stages include one pre-restoration stage (1979-
1980) and three post-restoration stages (1983-1984, 1990-1991, and 2000-2001).   The 
determination of phosphorus-to-Chl-a correlations for various historical periods can 
provide a critical link between historical phosphorus trends and algal growth. Consistent 
with methods used by other researchers (Dillon and Rigler, 1974; Rast and Lee, 1978; 
Bartsch and Gakstatter, 1978; Smith and Shapiro, 1981), log transformations of total 






















Figure 2.11  Trends in linear TP-to Chl-a correlations in City Park Lake 
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Several observations were made with respect to the correlation trends shown in 
Figure 2.11.  First, the dredging of City Park Lake in 1983 resulted in a large decrease in 
the amount of phosphorus that contributed to algal growth, specifically the growth of 
suspended unicellular algae.  Although filamentous algae such as cyanophytes and 
chlorophytes were documented in large quantities during pre-restoration phytoplankton 
surveys, large outbreaks of filamentous algae have predominated post-restoration algae 
observations (R. Malone, personal communication, 2001).  Filamentous algae 
(Spirogyra) were documented for the 1984 growing season by Gremillion et al. (1984).  
The TP-to-Chl-a correlation for water samples collected during 1984 mark a shift in the 
relationship between phosphorus and the concentration of algal biomass suspended the 
water column (Figure 2.11).  This shift may be explained by the predominance of floating 
filamentous algae in the summer of 1984 as opposed to the suspended unicellular algae 
that was documented in pre-restoration years.  Furthermore, the relatively steep slope and 
slight curvilinear shape of the 1984 regression were likely influenced by the shading 
effect of the floating algae. Data shown for the 1990-1991 and 2000-2001 sampling 
periods represent years for which no substantial growth of filamentous algae was 
documented.  Regressions for each of these post-restoration sampling periods intersect 
that of the 1984 sampling period and both fall below the regression for the 1979-1983 
data.  The proximity of the correlated post-restoration data may provide evidence as to a 
shift in the predominant phytoplanktonic species following dredging and the subsequent 
trend toward nitrogen-limited conditions.   
A comparison of mean summer phosphorus concentrations for pre-restoration and 
those measured for during 2000 (see Figure 2.3) show that current phosphorus 
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concentrations approach those measured during pre-restoration.  If the linear regression 
of 1979-1980 data is an indication of the growth of phytoplankton under nearly 
phosphorus limiting conditions (TN:TP=11.14), the linear correlation for 2000-2001 data 
indicates growth limitation due to other factors such as light attenuation.  Based on 
observations of organic color during the 2000-2001 sampling program and Secchi depth 
measurement, light attenuation was determined to be primary reason for the relative 
absence of filamentous algae during 2000-2001. 
2.6 Conclusions  
Several important trends in the water quality of City Park Lake can be inferred 
from the water quality data presented in this study: 
1. Restoration efforts resulted in a dramatic reduction in the frequency of algal 
blooms and fish kills, however, outbreaks of filamentous algae occurred less 
than one decade following restoration; 
2. Current phosphorus levels approach, and in some cases surpass, phosphorus 
levels measured during the pre-restoration period; 
3. Sediment phosphorus release and recent deficiencies in precipitation have 
influenced the increasing trend in TP concentrations and the decreasing trend 
in TN concentrations during post-restoration years; 
4. A shift in nutrient limitation conditions has likely played a role in recent 
observations of predominance by filamentous species; 
5. Organic color in lake waters has resulted in a deficiency of light that can be 
used for photosynthesis by plants and phytoplankton located in the 
hypolimnion; 
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6. Trends in phosphorus-to-Chl-a correlations between pre- and post-restoration 
periods underscore the influence of internal light conditions on the growth of 
phytoplankton and indicate a possible shift from unicellular, suspended algae 
species to filamentous forms. 
The long-term water quality trends indicate that the restoration of City Park Lake 
was successful in drastically improving water quality conditions in City Park Lake.  
Without the implementation of long-term watershed and in-lake nutrient management 
strategies, the beneficial effects and expense of lake restoration is severely undermined.  
Nitrogen-limited conditions and the predominance filamentous types of algae can be 
expected to continue as long as phosphorus concentrations remain in excess.  The 
observation of filamentous algae in small quantities along the shoreline of City Park Lake 
during the 2000 and 2001 growing seasons indicates that nutrient levels were indeed 
sufficient for algal growth.  Even with the implementation of phosphorus management 
strategies in the lake watershed, internal phosphorus loadings from lake sediments will 
continue to play an important role in the recovery of this shallow lake system.    
The occurrence and implications of organic color in lakes such as City Park Lake 
are difficult to predict.  The concept of photobleaching of sunlight due to tannin levels in 
the lake water and its effects on lake quality is currently the subject of research in other 
lakes in the Mid-west and in Florida (Reche et al., 1998; Crisman, 1998), and is, 
therefore, not well understood.  As observed in City Park Lake, lake hydrology cannot be 
neglected as an important factor controlling the balance between photosynthesis and 
respiration.   
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Chapter 3:  Development of a Phosphorus Management Model to Address 




Under favorable light and temperature regimes, eutrophic/hypereutrophic lakes are 
typically characterized by “pea soup green” conditions and/or filamentous algae/excessive 
macrophyte growth.  Shallow lakes, in contrast to deep lakes, possess less potential to buffer the 
effects of intense temperature and light.  Consequently, shallow lakes tend to exhibit extreme 
shifts in algal populations.  Although algae may occur in unicellular or filamentous forms, both 
impose immediate, as well as long-term demands on the lake system.  Unlike unicellular algae 
that spends the duration of its lifecycle suspended in the water column, most filamentous algae 
originates at the sediment/water interface and is buoyed to the lake surface by photosynthetic and 
decompositional gases.  Through luxury uptake, these algae can gain the competitive advantage 
by storing phosphorus from immense sediment reserves (Pettersson et al., 1993).   Once at the 
lake surface, filamentous algae can exist for the duration of the growing season, creating 
aesthetic and odor problems.  Predominant forms of filamentous algae include cyanophytes and 
chlorophytes, including species such as Anabaena and Oscillatoria that dominate eutrophic lake 
waters through the production of substances that are toxic to other phytoplankton and aquatic life 
(Berg et. al., 1986).   
In general, the conversion of light, temperature and nutrients into biomass can become 
too efficient, resulting in excessive phytoplankton and an overall imbalance in the lake system.  
The collapse of algal blooms can spark a devastating chain of events.  During the growth phase, 
algae require sufficient levels of nutrients, light and temperature.  Although algae represent an 
oxygen source during daylight hours through photosynthesis, the cumulative effects of nightly 
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algal respiration can result in severe oxygen depletion, especially in the hypolimnion.  Whereas 
lakes that are only moderately rich in nutrients experience minimal net oxygen depletion due to 
phostosynthesis and respiration processes, the net oxygen depletion in nutrient-rich waters can be 
extreme (Metcalf et al., 1991).  Under highly eutrophic conditions, the production of oxygen by 
large algal populations often leads to supersaturated conditions in the epilimnion, but algal 
respiration combined with sediment oxygen demand usually results in oxygen deficiencies in the 
hypolimnion.   Oxygen deficiencies can be especially detrimental in shallow lakes, which tend to 
have low oxygen storage capacities. These oxygen deficiencies can result in massive and 
frequent fish kills and reductions in the redox conditions of the soil.  Under low redox 
conditions, nutrients and heavy metals are more likely to diffuse to overlying waters, 
exacerbating water quality problems.  
The control of filamentous algae ultimately lies in reducing available in-lake nutrient 
concentrations.  Based on Redfield’s stoichiometry, the composition of algae typically posses a 
N:P ratio of 7.2:1 (Chapra, 1997).  Therefore, phosphorus availability in lake systems normally 
limits the growth of most algal species.  In addition, phosphorus exists only in soluble and solid 
states, whereas nitrogen can be “fixed” from the atmosphere.  For these reasons, algae control 
programs have historically focused on phosphorus reduction through watershed or in-lake 
management strategies (USEPA, 2000).  
Because lakes are generally subject to intense public scrutiny, lake managers must have 
sufficient data or decision tools to prioritize and obtain funding for phosphorus management 
strategies.  The quantification and location of phosphorus in the lake environment is the first step 
toward the successful management of algae.  Mathematical models can then be developed and 
used to describe the mass-balance and kinetics of the lake system. A properly calibrated 
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phosphorus management model can provide an invaluable tool by which lake managers can 
determine the short-term and long-term effects of phosphorus reduction strategies on phosphorus 
concentrations in the system under review.  Furthermore, the broader implications of phosphorus 
management strategies and their effects on the trophic conditions of the lake system can be 
approximated using trophic state data correlations.  
3.2  Study Objectives 
The objectives of this study were to (1) quantify and locate the phosphorus mass in City 
Park Lake, (2) develop a mechanistic model to describe phosphorus dynamics in City Park Lake 
during 2000-2001, (3) calibrate the model based on analytical water quality and sediment data, 
and (4) demonstrate the application of the model as a tool for the evaluation of phosphorus 
management strategies on the concentration of phosphorus in the lake and ultimately, the 
occurrence of filamentous algae.  
3.3  Study Site   
City Park Lake is a shallow, urban hypereutrophic lake located in Baton Rouge, 
Louisiana.  The lake has a surface area of approximately 0.23 km2, a watershed of 1.92 km2 
(including the lake), and a hydraulic retention time of approximately 56 days (Malone et al., 
1991).  City Park Lake is one of six lakes that comprise the University Lakes system (Figure 
3.1). The watershed consists primarily of residential housing, a golf course, and paved streets 
(Table 3.1).  The lake was originally constructed in 1929 on land that was characterized as 
‘cypress swamp’ (Reich Associates, 1991).  By the late 1970s, City Park Lake had become 
hypereutrophic and experienced frequent algal blooms and fish kills (Reich Associates, 1991).  




           Figure 3.1  Map of study site  
the post-restoration period, the lake showed immediate improvements in water clarity, reductions 
in nutrient concentrations, and reduced frequencies of algal blooms and fish kills (Knaus and 
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Malone, 1984).  However, the appearance of filamentous algae during the 1990s (Shinkle, 1993) 
signaled to the community and local officials an imbalance in the lake system. 





% of total 
watershed area 
Streets(1) 0.219 11.4 
Interstate-10(1) 0.049 2.5 
Railroad(1) 0.012 0.6 
Single family housing(1) 0.850 44.2 
Apt./Multi. Family housing(1) 0.012 0.6 
Institutional(1) 0.045 2.3 
Commercial(1) 0.045 2.3 
Repair/Manufacturing(1) 0.004 0.2 
Park/Open(1) 0.401 20.9 
Other open(1) 0.057 3.0 
Lake(2) 0.230 12.0 
TOTAL 1.924 100.0 
    (1)  Reich Associates, 1991 
       (2)  Malone et al., 1991 
 
3.4  Materials and Methods 
3.4.1  Data Collection and Analysis 
 
3.4.1.1  Water Quality  
 
On May 29, 2000, six sample points were selected on City Park Lake based on available 
aerial photographs, maps, influent structure locations and the surface area of the lake to 
determine whether the lake was laterally homogenous (Appendix A).  The northing and easting 
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positions for each sampling site were recorded using a hand-held Rockwell Global Positioning 
System (GPS).  The depths at each site were measured using a fiberglass engineering survey rod.  
Water samples were collected at each site at depths of 0.3 m below the water surface (top) and 
0.3 m above the sediment (bottom). Top samples were obtained by manually dipping an amber 
glass bottle into the water column.  Bottom samples were obtained using a fabricated PVC bailer.  
One sample was collected at mid-depth for sites with water depths of one meter or less.  Samples 
were filtered and analyzed in triplicate for total phosphorus concentrations.   The lake was 
determined to be laterally well-mixed (P < 0.001) (Appendix A). However, based on 
observations of highly variable thermal stratification in many southern lakes and on the previous 
documented water quality analyses conducted in 1990 (Malone et al., 1991), it was determined 
that separate in situ measurements and samplings would still be required to account for potential 
vertical heterogeneity.  One sample site was determined to be sufficient for characterizing water 
quality parameters in the lake.  However, in order to improve accuracy of the water quality data 
and to detect minor changes in water quality between the inlet and outlet ends of the lake, two 
sampling sites (Sites 1 and 5) were designated for the collection of routine water quality samples 
(Appendix A).  Top and bottom in situ measurements and analytical data were collected for Sites 
1 and 5 twice per month from March to October, and once per month from November to 
February.  The sampling program began in June 2000 and continued through June 2001.  In situ 
measurements using a YSI hand-held dissolved oxygen and temperature meter, an Orion pH 
meter, and a Secchi disk were used to measure air temperature, water temperature, pH, Dissolved 
Oxygen (D.O.), and transparency (Secchi depth).  Water samples were collected and analyzed in 
the Department of Civil and Environmental Engineering’s Water Quality Laboratory at 
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Louisiana State University (LSU) for total phosphorus (TP) (unfiltered).  Water quality analyses 
were performed in triplicate and in accordance with Standard Methods (APHA, 1998).   
3.4.1.2  Filamentous Algae 
 
Due to the absence of floating filamentous algae on City Park Lake during 2000, 
surrogate samples were collected from neighboring Campus Lake to characterize algal nutrient 
concentrations.  Samples were collected with a fabricated wire mesh sampling device, weighed 
and dried at 60° C for 24 hours to determine the moisture content and dry biomass on an areal 
basis.  The algal samples were ground with a mortar and pestle and dried again to remove 
residual moisture.  The Department of Agronomy’s Plant Analysis Laboratory (at LSU) analyzed 
samples in triplicate for phosphorus and nitrogen using Inductively Coupled Plasma (ICP) 
methods.  Algal phosphorus and nitrogen concentrations were used to determine the impact of 
algal harvesting on the total phosphorus levels and implications for nitrogen-removal in City 
Park Lake. 
3.4.1.3  Sediments 
 
City Park Lake sediment cores were collected and analyzed to estimate the level of 
phosphorus that is potentially available for release to the water column and, subsequently, for 
algal growth.  Cores were collected at various locations in City Park Lake during June and July 
2000 and in June 2001.  Five-centimeter diameter PVC tubes that were inserted into the sediment 
layer and capped at both ends prior to removal from the water column. Samples were kept 
upright during transport and promptly frozen.  Upon defrosting the samples, the top 10 cm were 
removed from the sample for further analysis.  Various researchers have reported active-
exchange depths for phosphorus ranging from 8 to 12 cm (Holdren et al., 1980;  Reddy et al., 
1999). Previous analyses of City Park Lake sediments (City-Parish of Baton Rouge, 1977) 
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considered the top 10 cm of the sediment profile.  The sediment samples were dried at 35° C for 
24 hours, ground with a mortar and pestle, and re-dried to remove residual moisture. Samples 
were analyzed in triplicate for extractable phosphorus (EP) in accordance with the Bray-P1 
Method (Bray and Kurtz, 1945) and Standard Method 4500-P E (APHA, 1998).  Samples were 
also analyzed for total phosphorus (TP) in accordance with EPA SW 846 Methods 3050A 
(USEPA, 1998) and 3051 (USEPA, 1998) and Standard Method 4500-P B2 (APHA, 1998).   
3.4.1.4 Storm Water 
 
More than 26 storm water drains are documented along the perimeter of City Park Lake 
(City-Parish of Baton Rouge, 1977).  During a site walk in February 2001, evidence of only 23 
culverts was observed.  Representative storm water sample sites were determined by selecting 
those structures that contributed the largest percentages of drainage area to the lake (Table 3.2).  
The largest contributor of flow is Bayou Duplantier, which contributes 54.9% (1.151 km2) of the 
drainage that flows into City Park Lake (City-Parish of Baton Rouge, 1977).  The second largest 
contributor of drainage area is the Lake Erie watershed (12.3%).   
Table 3.2  Description of selected storm drains entering City Park Lake 













  Drainage % of 
 Structure area drainage 
Structure description number (km2) area 
1.4 m x 2.7 m concrete box culvert 10 1.151 54.9 
0.6 m x 1.2 m concrete box culvert 11 0.087 4.2 
1.1 m x 1.5 m concrete box culvert 15 0.113 5.4 
Bridge connecting to Lake Erie 22 0.258 12.3 
TOTAL:  1.609 76.8 
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Samples were collected at mid-depth using fabricated PVC bailers.  Samples were 
collected for four storm events at each of the sites noted in approximately 35-minute intervals.  
Because phosphorus is mobile due to its ability to readily absorb onto soil particles, filtered and 
unfiltered samples were analyzed to determine what percentage of phosphorus enters the lake as 
particulate-bound versus dissolved. Aliquots representing the dissolved fraction were filtered 
through 0.45 µm membrane pre-soaked filters.   
3.4.1.5  Experimental Verification of Sediment Phosphorus Release Rate 
 
McKenna (1987) determined sediment phosphorus release rates under varying 
temperature and oxygen conditions for City Park Lake.  The sediment cores used in McKenna’s 
experiment were collected in City Park Lake during the pre-restoration period (prior to 1983).  In 
general, higher phosphorus release rates were observed under high temperatures and anaerobic 
conditions.  Sediment phosphorus release rates ranged from 0.3 mg/m2-d under aerobic 
conditions at 10°C to 32.7 mg/m2-d under aerobic conditions at 30°C.   
Two sediment cores were collected from the lake during September of 2001 using clear 
5-cm diameter PVC tubes.  The cores were carefully transported to the LSU campus and 
subjected to a 48-hr release rate study to assess whether McKenna’s results were valid for use in 
a post-restoration model.  After siphoning and filtering the overlying water in each tube through 
pre-soaked 0.45 µm membrane filters, the tubes were sealed and both sediment cores were 
incubated in a plastic drum filled with 30°C tap water.  A DO level 0 mg/L was maintained at the 
sediment/water interface by sparging the overlying water in each tube with ultra high purity N2 
gas.  Samples of the overlying water in each tube were collected in 50 ml volumes at 12-hr 
intervals and analyzed in triplicate for TP using methods discussed in Section 3.4.1.1.  A detailed 
methodology of the experimental verification is provided in Appendix C.  The high temperature, 
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anaerobic experiment was specifically selected for reproduction due to the extreme phosphorus 
release rates reported (McKenna, 1987).  Also, the experiment was conducted to determine 
whether the effects of phosphorus gradients between sediments and overlying water for sediment 
cores collected during the pre-dredged (McKenna) and post-dredged (this study) periods 
contributed to the magnitude of phosphorus release rates.   
3.4.2  Evolution of Phosphorus Modeling Methods 
Due to the cycling of phosphorus between organic and inorganic forms and particulate 
and non-particulate forms, total phosphorus (TP) models have traditionally been applied to lakes 
in which eutrophication is a focus (Vollenweider, 1976; Lorenzen et al., 1976; Mericas, 1982; 
McKenna, 1987; Chapra and Canale, 1991).  As such, the TP model accounts for both available 
and unavailable forms of phosphorus relative to algal or plant uptake.  The popularity of TP 
models as opposed to soluble reactive phosphorus (SRP) models is due primarily to the highly 
variable nature of SRP in aquatic environments, although more advanced eutrophication models 
partition organic and inorganic forms of phosphorus to model nutrient/plant interactions (Chapra, 
1997).  Furthermore, TP concentrations in aquatic environments provide an indication of the 
degree to which the water body has undergone eutrophication.  That is, TP can be correlated to 
Chlorophyll-a, which is commonly used as a surrogate measurement of algal biomass.  For these 
reasons, TP models provide a simple tool by which nutrient enrichment and trophic state can be 
quantified.   
Many notable developments in phosphorus modeling have occurred in recent decades.  In 
one of the first efforts to link annual areal phosphorus loadings to the trophic state of a lake, 
Vollenweider (1968) produced empirical phosphorus loading plots based on observations from 
temperate lakes throughout the world.  These first quantifications were based on lake depth and 
 63 
annual phosphorus loadings from the lake’s watershed.  Vollenweider (1975) modified the plot 
to incorporate hydraulic residence time in recognition of the role that flushing plays in reducing 
the trophic response of lakes.  Rast and Lee (1978) further applied the Vollenweider plot to the 
prediction of trophic states of lakes.  Realizing that phosphorus in well-mixed lake systems could 
be modeled using mass-balance techniques, Vollenweider (1976) next developed one of the first 
mechanistic total phosphorus models for a well-mixed lake system.  Lorenzen et al. (1976) 
recognized the significant role that sediment phosphorus release played in shallow lake systems 
and developed a mass-balance model to account for internal sources of phosphorus on a long-
term basis.  Larsen et al. (1979) applied a similar model to determine the long-term effects of 
phosphorus loading reductions to Shagawa Lake, Washington.  Reckhow (1979) later evaluated 
the prediction error, applicability and limitations of phosphorus models.   More recently, Chapra 
and Canale (1991) used a two-compartment model to account for the effects of sediment 
phosphorus release and burial in stratified lakes. 
Researchers realized early on that the application of Vollenweider’s modeling approach 
to predicting the recovery of lake systems following the reduction of external phosphorus 
loadings underestimated actual recovery times.  Approaches such as the Lorenzen model more 
accurately reflected the effects of phosphorus retention and the importance of phosphorus release 
from the sediments, especially in shallow lakes. Naghavi and Adrian (1993) used analytical 
methods to solve three simultaneous equations to describe the recovery of lake systems to 
phosphorus loadings with consideration for lake water, pore water, and sediment phosphorus.  
The approach of Naghavi and Adrian, like Lorenzen, demonstrated the importance of 
considering phosphorus transport from sediments in response to external phosphorus loadings.  
Mericas (1982) presented a phosphorus model for Crest Lake based on a modification of the 
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Vollenweider model (no sediment phosphorus release).  Crest Lake is located approximately 0.2 
km southwest of City Park Lake and like City Park Lake, comprises the University Lake system.  
Mericas observed that when the modified Vollenweider approach was used to simulate post-
isolation conditions, internal phosphorus loading from the sediments was credited for 
contributing to the discrepancies between modeled and predicted lake concentrations.  Current 
accounts of research on the topic underline an inherent lack of consensus as to the factors 
influencing phosphorus transfer, much less, proper methods of modeling the transfer process.  
The understanding of the transfer process is further complicated by climate, season, sediment 
characteristics, lake geometry, history of external loadings of phosphorus and metals, sediment 
turbulence due to wind, oxygen conditions at the sediment/water interface, microbial activity, 
and the redox potential of the sediments.  It is therefore not uncommon for lakes within close 
geographic proximity to experience significantly different sediment release rates.   
The processes by which phosphorus ultimately enters the water column are (1) passive 
diffusion and advection, (2) wind-driven diffusion and advection, (3) flow and bioturbation 
induced diffusion and advection, (4) mineralization, sorption and biotic processes in the water 
column, (5) mineralization, sorption, precipitation processes in the sediments, and (6) release due 
to changes in redox conditions at the surface-water interface (Reddy et al., 1999).  The 
significance of wind-induced sediment re-suspension on algal growth has been documented in 
influencing lake phosphorus concentrations (Gremillion et al., 1984; Sondergaard et al., 1992; 
Reddy et al., 1996).  Finally, the redox potential of the sediments has also been extensively 
studied because of the critical role that Fe+3 ions play in forming complexations with phosphorus 
(Ramm and Scheps, 1997, Moore et al., 1998).  Reducing conditions have been found to increase 
the amount of soluble phosphorus released from some sediments (USEPA, 1983; Lennox, 1984; 
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McKenna, 1987; Moore, 1998).  Although less is known about the influence of microbial activity 
on phosphorus release, several researchers have quantified the contribution of benthic organisms 
(Moore et al., 1988; Petterson, 1998; Watts, 2000).   
McKenna (1987) observed that concurrent phosphorus studies on adjacent Crest Lake 
demonstrated short-term variations in total phosphorus concentrations that implicated the 
significant role of storm runoff, evaporation, and phosphorus release from sediments.  McKenna 
developed a phosphorus model to simulate the short-term seasonal response of City Park Lake to 
phosphorus loadings using analytical data from five years that bracketed the restoration of City 
Park Lake.  The purpose of McKenna’s model was to examine and simulate the effect of external 
storm water and internal release mechanisms on total phosphorus concentrations in City Park 
Lake (McKenna, 1987).  To quantify sediment phosphorus release rates, McKenna developed a 
temperature-based equation to represent for phosphorus release rates under varying temperature 
and DO conditions based on lab-scale experiments discussed in Section 3.4.1.5.   A regression of 
aerobic and anaerobic conditions for various temperatures was used to derive the empirical 
equation (McKenna, 1987): 
 
Release Rate (mg/m2-d) = 0.0076 Temp2.33               (2) 
 
The model was calibrated with pre-restoration data and verified with post-restoration data.  The 
model was successful in simulating the pre-restoration phosphorus concentrations, but less 
successful in simulating post-restoration concentrations.  The lack of correlation was likely due 
to the suspension of sediments from the dredging operation (McKenna, 1987).  The post-
restoration effects of dredging and sewage diversion were only model for a period of a year after 
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dredging.  Beyond this, no simulation was performed to model the long-term effects of the 
restoration efforts.   
3.4.3  Model Development  
 
The development of a phosphorus management model for City Park Lake was based on 
three components:  phosphorus, hydrology and temperature.  Climatological data serves as 
independent variables for the hydrology and temperature components (Appendix D).  The 
phosphorus component uses output from the hydrology and temperature components to compute 
phosphorus concentrations in the lake system.  Each of the components described were 
constructed as separate models that could be run separately or as a complete, interactive model.  
The model consists of a graphical interface and an equation interface that work together. The 
model was developed using StellaTM (Version 5.0).  Simulations were performed at a time-step 
of one day.  The program listing for the model is provided in Appendix E.  A description of each 
component, governing mass-balance equations, and the quantification of loading and release 
rates are presented in the following sections.   
3.4.3.1 Phosphorus Component 
 
The critical role of internal phosphorus recycling or flux in shallow lakes was addressed by 
modeling the exchange of phosphorus mass as two compartments (Figures 3.2 and 3.3).  The 
modeling approach is based on two mass balance equations:   
    outrsainin QPAkPAkAkQPVdt
dP
121111






sbrs −−=                   (4) 
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where P1 = total phosphorus concentration in the water column (g/m3) 
P2=total phosphorus concentration in the sediments (g/m3) 
            Qin= runoff flow from watershed (m3/d) 
         V1=lake volume (m3) 
V2=sediment volume (m3) 
A1=lake surface area (m2) 
A2=effective sediment surface area (m2) 
Qout= discharge flow (m3/d) 
ka = zero-order rate constant for total (wet and dry deposition) atmospheric 
                   phosphorus transfer to water (g/m2⋅d) 
ks = rate constant for phosphorus settling (m/d) 
kr = zero-order release rate of phosphorus release to the water (g/m2⋅d)                           
kb = fraction of settling phosphorus that is no available for release to water 
                   column (unitless)          
 
It was assumed that sediment phosphorus concentrations do not approach zero, and that 
sufficient phosphorus is available for transfer.  Therefore, the phosphorus release rate (kr) was 
modeled as zero-order.  Lake surface area (A1) and sediment surface area (A2) were assumed to 







Figure 3.2  Schematic of phosphorus model component for City Park Lake 
 
                             Figure 3.3  StellaTM model for phosphorus component 
The effects of bioturbation, redox potential, and seasonal variations in phosphorus 
settling rates and the concentration of storm water loadings were not specifically evaluated and 
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incorporated into the model.  Also, the model does not simulate the kinetics of algal uptake and 
decomposition. 
3.4.3.2  Hydrology Component 
 
As shown in the governing equation for lake phosphorus, mass-loadings to and from the 
lake system are controlled by hydrology.   The hydrology of the lake is denoted by flows to and 
from the system boundary as shown in Figure 3.4.   
 





Figure 3.4   Schematic of hydrology component for City Park Lake 
The governing equation for the hydrology of City Park Lake can be written as follows: 
outevapdirectin QQQQdt
dV
−−+=1                          (5) 
where Qdirect = direct precipitation to lake (m3/d) 
           Qevap = evaporation from lake surface (m3/d) 
         
Because of the cohesive nature of the alluvial soils that comprise the foundation of City Park 
Lake, groundwater flows and seepage were considered negligible. 
The determination of an initial lake volume was estimated based on best available data 
and was assumed to equal the average volume of the lake, 276,000 m3.  This assumption was 






Average measured depths at Site 1 and Site 5 were 1.0 m and 1.4 m, respectively.  The overall 
mean depth for the lake during the sampling period was 1.2 m.  This depth is equivalent to the 
average post-restoration depth documented by Malone et al. (1991).  Changes in lake volume 
were modeled as a constant 0.015 m per day drawdown when mean lake depths exceeded 1.2 m. 
The calculation of hydrologic variables was based on available watershed and 
climatological data.  Qin accounts for all flows into the lake that result from precipitation on the 
watershed (excluding the lake).  Due to the highly developed nature of this urban watershed, the 
relatively small size of the drainage area, and the extensive network of storm sewers located 
throughout the watershed, the rational method was selected for the purpose of calculating 
precipitation-generated flows.  Although the rational method is a simplified approach for 
estimating flows generated from relatively small watersheds, the method is widely used in the 
U.S. for the design of storm sewer systems (Chow et al., 1988):     
 
Qin = c i Aws                 (6) 
where  c   = composite runoff coefficient (unitless) 
I   = rainfall intensity (m/d) 
Aws = total watershed area (except lake) (m2)  
 
The rational method assumes that rainfall occurs at a uniform intensity throughout the watershed 
and for a duration equal to the time of concentration of the watershed (Schwab et al., 1981).   
The specification of the composite runoff coefficient was calculated based on an 
inventory of land uses and the extent of impervious surfaces in the City Park Lake watershed 
(Table 3.3).  For the purposes of this model, the rainfall intensity, i, was assumed to equal a daily 
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average rainfall for the watershed.  Daily average precipitation amounts were obtained from the 
National Oceanographic and Atmospheric Administration’s (NOAA) monitoring site at Baton 
Rouge Metro Airport, Baton Rouge, Louisiana.  The monitoring site is located approximately 
                     Table 3.3  Summary of individual and composite runoff coefficients 
                     for land uses in the City Park Lake watershed 
Land use Area (ha) Runoff coef. ( c ) (1) 
Streets 0.219 0.95 
Interstate-10 0.049 0.95 
Rail Road 0.012 0.7 
Single Family Housing 0.850 0.5 
Apt./Multi-Family Housing 0.012 0.6 
Institutional 0.045 0.6 
Commercial 0.045 0.75 
Repair/Manufacturing 0.004 0.8 
Park/Open 0.401 0.5 
Other Open 0.057 0.5 
TOTAL: 1.694 0.58 
                     (1)  Schwab et al., 1981. 
19 km north of City Park Lake.  Based on 30 years of data, the normal annual precipitation for 
Baton Rouge is 155 cm.  July and August are the wettest months with average precipitation 
amounts of 17 and 15 cm meters, respectively (NOAA, 2001).  October is normally a dry month, 
averaging 9 cm precipitation.  Other data monitored at the Metro Airport site include 
temperature, wind speed, and atmospheric pressure.  Although other climatological monitoring 
stations are avail able closer to City Park Lake, only Metro Airport data is closely reviewed for 
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quality control.  Also, historical Climatological records are available for the Metro Airport 
monitoring station.   
Evaporation flow, Qevap, from the lake was approximated from available measured data 
from Ben Hur Research Farm (at LSU), located approximately 10 km south of City Park Lake.  
The monitoring site represents the closest site to City Park Lake with daily monitored 
evaporation.   Evaporation was measured with a Class A above ground evaporation pan.  Net 
daily average evaporation rates were provided based on monthly total evaporation amounts that 
were corrected for rainfall and the number of days in each month.  The daily average evaporation 
for each month was used to calculated total evaporation from the lake (Table 3.4).  A pan 
coefficient of 0.76 was selected to adjust the pan evaporation rate to an equivalent lake 
evaporation rate.  This coefficient was obtained from quantitative evaporation research 
conducted at Ben Hur Research Farm by Cunnningham (1971).   
                                Table 3.4  Measured net daily average evaporation amounts  
                                for Ben Hur Research Farm, Baton Rouge, Louisiana 
















Discharge flow from the lake, Qout, was modeled to occur when the average lake volume 
(276,000 m3) was exceeded.  Flows discharge from City Park Lake to University Lake through a 
sharp-crested weir structure with an approximate effective length of 12 m.  A basic weir equation 
for crested weirs was used to model flow.  Due to the daily time step used by the model, flows 
were normalized to occur over the duration of one day:  
 
Qout = 86,400CLh3/2  (m/d)                                    (7) 
where  C = weir coefficient = 3.3 (unitless) 
L = weir length (m) 
h = height of water above crest (m) 
 
Based on observation, backwater influences from University Lake are minimal for most of the 
year and were therefore assumed to have negligible influence on discharge flow from City Park 
Lake.  
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3.4.3.3  Temperature Component 
 
The release of phosphorus from the sediments to the overlying water is temperature 
dependent.  Because internal phosphorus loading from the sediments has been observed to be 
significant in City Park Lake when compared to other sources (McKenna, 1987), the temperature 
of the lake water was modeled as a separate component.  Based on data from the 2000-2001 
sampling program, temperature gradients in City Park Lake were temporal and weak.   
Therefore, the temperature of the lake water was modeled as a well-mixed system with Equation 
8.  The time-variable temperature model of the lake water is driven by climatological input  
 
Figure 3.5.  StellaTM model for the hydrology component 
variables, including net solar radiation, ambient air temperature, dew point temperature, wind 





















































         (8) 
where  Tin= temperature of influent stream (°C) 
Tair=temperature of air (°C) 
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V1=volume of lake (m3) 
Jsn=net solar radiation (Joules) 
σ=4.9x10-3 J(m2dK4)-1=Stefan-Boltzmann constant 
ALR=0.6=coefficient for atmospheric longwave radiation (unitless) 
eair=air vapor pressure (mm Hg) 
esat=saturation vapor pressure (mm Hg) 
RL=0.03=reflection coefficient 
ε=0.97=emissivity of water (unitless) 
c1=0.47 mmHg(°C)-1=Bowen’s coefficient 
Uw=wind velocity (m/s) 
ρ=density of water (g/cm3) 
Cp=specific heat of water (J(kg°C)-1) 
H=depth of water (m) 
In order as listed in Equation 8, heat sources consist of storm water, net solar radiation 
and atmospheric long wave radiation; heat sinks consist of water long wave radiation, 
conduction, evaporation and flow through the outfall structure (Figures 3.6 and 3.7).   










Climatological variables for the temperature model were obtained from the NOAA 
climatological monitoring station at Baton Rouge Metro Airport.  Variables included average air 
temperature (Tair), average dew point temperature (Tdp), and average wind speed (Uw).  Daily 
values for each variable were used as input data for the model.  The model was designed to 
calculate all time-dependent variables, including Qin, Qout, Vlake, H, eair, and esat.  Because the 
vapor pressure of air, eair, is equivalent to the saturation pressure at the dew-point temperature it 
was calculated as follows: 
 
eair = 4.596e(17.27Tdp/(237.3+Tdp))                       (9) 
 
Similarly, the saturation vapor pressure, esat, was calculated based on the modeled surface 
temperature of water, T1: 
 
esat = 4.596e(17.27T1 /(237.3+T1))        (10) 
 
Lake depth, H, was calculated for each time-step by dividing lake volume by the lake surface 
area. 
3.4.4 Statistical Methods for Determining Model Performance  
 
Linear regression and least squares analyses were used to assess the performance of the 
model.  The linear correlation between observed and modeled phosphorus concentrations was 
first assessed by plotting the modeled phosphorus results against observed values.  The 
coefficient of determination (r2) was calculated to provide an estimate of the proportion of the 
variance for the dependent variable that is accounted for by the independent variable.  At best, r2 
provides a general indication of “goodness of fit” for the model and cannot provide an estimate 
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Figure 3.7.  StellaTM model of temperature component 
 
of the remaining portion of variance that is not  explained by linear regression.  In order to 
account for the unexplained variance, the sum of least squares was calculated as follows:  
 
2)( omr CCS −= ∑                          (11) 
where Cm = modeled concentration 
Co = observed concentration 
 
As a management model, a prediction error (Se) of less than 0.20 was determined to be 
acceptable.  The sum of least squares was then used to calculate the standard error of estimate, 
Se, by correcting for degrees of freedom as follows: 
)1/( −= nSS re                         (12) 
where  n = number of samples 
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All statistical analyses were performed with Statistical Analysis System (SAS) software.  
3.5 Results and Discussion  
 
3.5.1  Water Quality  
A summary of the in situ and analytical water quality data for each site and for bottom 
and top samples is shown in Table 3.5.  Higher TP concentrations were observed in summer 
months when measured DO concentrations were lowest and temperatures were highest.  TP 
concentrations peaked September 7, 2000 (0.700 mg/l) while the lowest concentration occurred 
January 22, 2001 (0.081 mg/L).  Although a TP concentration of 0.712 mg/L was also detected 
on January 22, 2001, the relatively high concentration was determined to be significantly 
different (P > 0.05) from other concentrations measured on this day and is likely due to sediment 
contamination in the sample bottle during sample collection.  Therefore, this concentration 
should not be considered representative of the TP concentration in the lake on this day.  For this 
reason, the bottom mean TP concentration shown in Table 3.5 excludes the 0.712 mg/L 
concentration.  A complete listing of water quality data for each site is shown in Appendix B. 
3.5.2 Algae 
 
The phytoplankton on Campus Lake consisted primarily of filamentous cyanobacteria 
and green algae and was determined to approximate the algae observed on City Park Lake during 
the last decade.  The phosphorus concentrations averaged 0.00231 g/g on a dry basis (d.b.), or 
0.231%, with moisture content of 90.38%.  Literature values of phosphorus in biomass are 
commonly reported as ranging between 0.04 and 0.08% (WEF, 1998).  Apparent discrepancies 
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Site 1 mean: 







































Range: 0.82-1.65 0.20-1.16 4.7-30.4 8.6-32.0 6.53-8.26 0.64-7.88 0.081-0.700 
n: 46 44 46 90 92 90 87 
NOTE:  All in situ measurements performed between 6:50AM and 9:45AM. 
 
between the results of this study and those reported by others are likely reflective of differences 
in the type of biomass (unicellular versus filamentous algae).   The mean phosphorus 
concentration per square meter of lake surface was 0.439 g/m2 (Table 3.6).    
















Mean: 90.38 2617.1 214.0 0.00231 0.439 
Std. Error: 1.93 247.7 32.1 0.0005 0.1103 




The current sediment TP concentrations are approximately 50% of the pre-restoration 
concentrations, based solely on mean values (Table 3.7).  The phosphorus concentrations are 
highly variable depending on the location of the sample.  Because no phosphorus analyses were 
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conducted after dredging, the rate of phosphorus sedimentation cannot be determined.  However, 
the current phosphorus concentrations in City Park Lake sediments represent a significant  
Table 3.7  Summary of total and extractable phosphorus concentrations for City Park Lake 
sediments 


















































 Note:  Samples were collected in June and July of 2000. 
portion of the total phosphorus in the lake system.  Any phosphorus below a 10 cm depth was 
assumed to be not readily available for conversion to extractable phosphorus for plant uptake.  
For an average lake volume of 276,000 m3 and a mean TP concentration of 0.371 mg/L, the 
average mass of TP in the lake (assuming no fluctuations in lake volume) is 102,396 g.  
Likewise, for an average sediment volume (top 10 cm) of 23,000 m3 (230,000 m2 surface area), a 
mean total phosphorus concentration of 497 µg/g and a dry unit weight of 7.0 kN/m3 (Das,  
1990), 8,163,246 g TP are concentrated in the sediments.    
The difference between water phosphorus concentrations and those of sediments confirm 
the enormous potential for phosphorus accumulation in the sediments over time and the amount 
of phosphorus that will continue to be a source of internal loading for decades to come.  
Sediments analyzed prior to restoration indicate that less than 1% of the total phosphorus was 
available through acid extraction compared to approximately 4% based on samples collected in 
2000.  This discrepancy in ratios may be attributed to differences in sediment chemistry between 




3.5.4 Storm Water  
 
Due to drought-like conditions, storm events were infrequent during the study period.  Storm 
water sampling commenced in March 2001 and continued through July 2001.  Also, storm water 
samples represent peak concentrations or “first-flush” conditions.  Therefore, the results are 
representative of high loading conditions (Table 3.8).  The results compared favorably with 
results reported by others (USGS, 1998) for residential land uses in Baton Rouge, Louisiana.  
USGS monitoring of storm water phosphorus concentrations from an urban, residential 
watershed for six events during a three-year period resulted in an event mean concentration of  
 
0.8 mg/L for unfiltered samples (USGS, 1998).  Due to the limited database of storm water 
loadings collected as part of this study, an event mean concentration of 0.8 mg/L was selected for 
the model variable TPEventConc to represent storm water phosphorus loadings throughout the year.  
Filtered versus unfiltered results indicate that dissolved versus particulate-bound phosphorus 

















3-28-01 0.037 0.727 0.470 65.8 
4-24-01 0.014 0.778 0.516 65.0 
7-1-01 Trace 0.357 0.155 39.4 
7-21-01 0.024 1.794 0.788 41.2 
Mean for all events: 0.019 0.914 0.482 52.9 
Table 3.8  Summary of storm water phosphorus results for structures 10, 11, 15 and 22 
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3.5.5  Experimental Verification of Sediment Phosphorus Release 
 
The results of the sediment TP release rate study compared favorably with those 
measured by McKenna (1987) (Table 3.9).   Therefore, the temperature based power regression 
developed by McKenna (1987) was used in the model developed here to simulate phosphorus 
release rates under varying DO conditions.  Total phosphorus was analyzed each 24-hour period 
for a total of 48 hours.  In contrast, McKenna’s study period was 24 hours. Large variations in  
release rates were observed during the verification study, with larger release rates observed in the  
 
first 24-hour period.  The time period required to acclimate the water column and sediments to 
the appropriate anaerobic and temperature conditions may have contributed to the contrast in 
observed release rates.   
3.5.6  Model Calibration 
Prior to calibrating the model, a qualitative assessment of fit was performed on the 
hydrology and temperature compartments of the model.  Calibration of the lake hydrology 
compartment was based on measured water depths that were taken at the time of each sampling 
event.  Extensive monitoring of influent and effluent flows was not conducted as part of this 
study; therefore the calibration of lake hydrology was primarily based solely on lake volume.  
Initial lake volume conditions were set using in situ depth measurements for June 7, 2000 (day 0) 
This study McKenna (1987) 
Mean:  25.0 mg/m2-d 32.7 mg/m2-d 
Range:  10.92 to 41.94 mg/m2-d Range:  Not available 
n:  4 n:  Not available 
Duration:  48 hours Duration:  24 hours 
Table 3.9  Results of sediment release rate experiment under anaerobic conditions at 30°C 
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of the calibration period.  A plot of the approximated lake volumes and the modeled lake 
volumes is presented in Figure 3.8.  In general, a good correlation exists between observed and 
modeled lake volumes.   
        Figure 3.8  Results of calibrated hydrology model for City Park Lake 
 
Modeled temperatures were compared with temperatures measured during the sampling 
events (Figure 3.9).  Due to the extremely weak thermal stratification, as evidenced by the 
measured data, the mean observed temperature was utilized for calibration purposes.      
Modeling of the daily temperature was based on daily average air and dew point 
temperatures to account for these expected fluctuations.  Because water temperature varies 
widely on an hourly and daily basis, a reasonable approximation of the measured data was the 





















lake corresponded with the mean temperature measured for top and bottom sampling depths at 
each site.   
        Figure 3.9  Calibrated temperature model for City Park Lake  
 
Modeled phosphorus concentrations were calibrated against observed phosphorus 
concentrations for the 2000-2001 sampling period.  Initial lake and sediment phosphorus masses 
were calculated using analytical data from water samples collected on June 7, 2000 (day 0) and 
sediment samples collected June 10, 2000.  Due to the various reported values for phosphorus 
settling, release and burial, ks, kr, and kb were designated as calibration terms. Because 
phosphorus-loading concentrations in runoff flows into lake systems are highly variable, 
especially in systems such as City Park Lake where non-point sources dominate, PEventConc was 
also selected as a calibration term.  Available measurements and literature values were used to 
initially set each calibration parameter. Adjustments were made to each calibration term until a 
























iterative process. All values for final calibration terms were within the range of values reported 
by other researchers (Section 1.7; Table 3.10).  
 Table 3.10  Calibration values/ranges for phosphorus model parameters 
    Calibration 
Parameter Description Units Value/Range 
ka atmospheric phosphorus loading rate g/m2/d 0.000137 
ks phosphorus settling rate m/d 0.055 
kr sediment phosphorus release rate (temperature dependent) g/m2/d 0.0000158 - 0.0455 
kb phosphorus burial coefficient unitless 0.3 
PEventConc loading concentration for storm event runoff g/m3 0.8 
 
During the 2000-2001, in situ measurements and water quality samples were collected 
between 6:50 a.m. and 9:45 a.m.  Low oxygen concentrations (DO<4.0 mg/L) were observed in 
hypolimnetic waters during approximately 44% of the sampling events.  These conditions were 
observed from June to October (approximately 37.5% of the year).  No diurnal evaluation of DO 
variations was conducted in connection with this study.  However, previous studies on City Park 
Lake and other lakes in the University Lakes system indicate that relatively high DO 
concentrations are typically reached in afternoon hours (City-Parish of East Baton Rouge, 1977; 
McKenna, 1987).  Therefore, temporal variations in DO according to the time of the day and 
season would theoretically affect sediment phosphorus release rates.  Under a conservative 
scenario, anaerobic conditions were assumed to exist no more than one-half of the day during 
June through October.  Based on this assumption, anaerobic phosphorus release rates would 
dominate over aerobic rates for approximately 18.8% of the year.  To account for this variation 
in the model, calibration factors were introduced to allow for variations in the α and β 
coefficients of the phosphorus release rate equation.  The expected variation in sediment 
phosphorus release rates, based on McKenna’s data (1987), is presented in Table 3.10.  The 
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release rates were further modified to account for observed dissolved oxygen conditions.  
Anaerobic release rates were used for DO levels less than or equal to 4.0 mg/L, while aerobic 
release rates are simulated for DO levels greater than or equal to 7.0 mg/L.  McKenna’s 
regression equation (see Section 3.4.2) was used to model release rates at DO levels between 3.0 
and 7.0 mg/L. 
In general, the model demonstrated good correlation between modeled and observed 
phosphorus concentrations (Figure 3.10).  An important feature of the model is the reproduction         
Figure 3.10  Calibrated phosphorus model for City Park Lake  
of seasonal variation in phosphorus concentrations.  Results of the linear regression of observed 
versus modeled phosphorus concentrations resulted in a coefficient of determination (r2) of 
0.8058 (Figure 3.11) (Appendix F).  The calibrated model was determined to predict observed 
phosphorus concentrations within ± 0.064.  This standard error was determined to be within the 























         Figure 3.11  Results of statistical analyses for the calibrated phosphorus model  
 
3.5.7 Sensitivity Analyses 
The calibrated model was evaluated for sensitivity to the phosphorus settling rate (ks), 
sediment phosphorus release rate (kr), and the phosphorus concentration in storm runoff 
(PEventConc).  The sensitivity values for each parameter were selected by perturbation.  Sensitivity 
values corresponded with –50, -25, 0, +25 and +50% of the calibration value for each parameter.  
























r2 = 0.8058 
y = 0.7048 x + 0.1313 
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Figure 3.14  Sensitivity of calibrated model to various storm water concentrations 
(PEventConc) phosphorus from internal sediment loadings.  
 
Results of the sensitivity analyses indicated that the model was most sensitive to 
variations in the phosphorus settling rate (ks) throughout the year and the sediment phosphorus 
release rate (kr) especially during summer months, and least sensitive to storm water 
concentrations (PEventConc) originating from the watershed.  The model was moderately sensitive 
to various settling rates (ks). 
 
3.6 Evaluation of Phosphorus Management Strategies Using Calibrated 
Model 
 
The effectiveness of several phosphorus management strategies was evaluated using the 
calibrated model.  The management strategies were selected based on practicality, feasibility 
potential for effectiveness.  The first simulation evaluated the effect of watershed-based 
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phosphorus reduction strategies on phosphorus concentrations in the lake.  Reductions of 0, 25, 
50 and 80% were modeled on a daily basis (Figure 3.15).  Moderate reductions were observed  
during the summer months with larger reductions occurring during winter months.  On a short-
term basis, the resulting effects on lake concentrations were minimal.  Reduction of storm water 
phosphorus concentrations will, however, result in an overall long-term decline in lake water and 
lake sediment concentrations.  Therefore, the implementation of phosphorus management  
 
    Figure 3.15  Effects of 0, 20, 50 and 80 % reductions in storm phosphorus loadings  
from watershed 
 
strategies in the City Park Lake watershed represents a formidable long-term defense. 
Sediment management strategies were evaluated as a means of reducing overall 
phosphorus concentrations in the lake.  For the purposes of this simulation, 0, 20, 50 and 80%  
reductions in daily phosphorus release rates were assumed.  As shown in Figure 3.16, greatest 




























Release mechanism on DO and temperature.  Of the all the management strategies evaluated as 
part of this study, the results suggest that the management of sediment phosphorus release has 














Figure 3.16  Effects of 0, 20, 50 and 80% reductions in sediment phosphorus release rate 
 
The next simulation modeled the effects of algae harvesting on lake phosphorus 
concentrations.  The simulation assumed that four monthly harvests occurred during summer 
months when algae covered 0, 20, 50 and 80% of the lake surface.  Results of the simulation are 
shown in Figure 3.17.  Algal harvesting had marked effects on summer phosphorus 
concentrations in the lake as algal coverage increased.  Although the impact of algal harvesting 
was specifically evaluated for its effect on phosphorus concentrations, it is anticipated that 


































































Figure 3.17  Effects of algal harvesting four times during summer months with 0, 20, 50 
and 80% algal coverage of lake surface area. 
 
unsightly floating mats of algae and debris, combined with the prevention of large-scale algae 
decay and oxygen consumption, are appealing benefits. 
Finally, influent flows to the lake were varied to simulate the effects of stream diversion 
and hydraulic flushing (Figure 3.18).  The simulations considered 0, 20, 50 and 80% reductions 
in daily flow volumes for their effects on lake phosphorus concentrations.  Likewise, 20, 50 and 
80% increases in daily flows were evaluated to simulate the effects of hydraulic flushing.  
Additionally, the simulations can provide insight into how lake concentrations are affected by 
years of below and above-normal rainfall amounts.  During the first part of the simulation, the 
effects of flow diversion were masked by the influence of sediment phosphorus release rates.  





















Figure 3.18  Effects of –80,–50, -20, 0, +20, +50 and +80% variations in influent 








during the summer of 2000.  Moderate impacts to lake phosphorus concentrations were observed 
during winter months when sediment phosphorus release rates are low.  Overall, the short-term 
benefits of flow diversion or flushing were determined to result in minimal impacts to the lake 
when compared to other management strategies.  Secondary effects such as longer hydraulic 
retentions times due to flow diversion or low rainfall, may have the same consequence as what 
was observed in City Park Lake during the calibration period, namely the accumulation of 






A comparison of the mean TP concentrations based on the implementation of each 
management scenario were used as the basis for determining the overall effectiveness among the 
various management strategies in reducing phosphorus concentrations in City Park Lake (Table 
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3.11). Mean TP concentrations were calculated based on the modeled TP concentrations for each 
day of the calibration period.  Based on the data in Table 3.11, the reduction of phosphorus 
loadings from sediments and storm runoff resulted in the greatest reductions in the lake system.  
Increasing influent flows, however, resulted in a net increase in phosphorus instead of flushing 
phosphorus from the system.   
 
3.7  Conclusions  
The model resulting from this study was capable of simulating total phosphorus 
variations in City Park Lake within a 0.20 allowable margin of error.  Although the model 
simulated daily lake concentrations, the resulting simulations provide reasonable assurance as to 
the ability of the model to simulate seasonal variations and peak concentrations.  As such, the 
management strategy simulations provide indication as to how the model can be used to evaluate 
the short- and long-term effectiveness of management techniques.   
Table 3.11  Comparison of mean TP concentrations for each management strategy for the 2000-   
2001 calibration period 
Effects of reducing phosphorus concentration of storm water by 0, -20, -50, -80 %: 
           0%                             -20%                           -50%                           -80% 
         0.362                           0.334                           0.291                          0.249 
Effects of reducing sediment phosphorus release by 0, -20, -50 and -80 %: 
           0%                             -20%                           -50%                            -80% 
        0.362                            0.322                           0.261                           0.201 
Effects of algal harvesting when algae covers 0, 20, 50 and 80 % of the lake surface area: 
           0%                             -20%                           -50%                            -80% 
        0.362                            0.347                          0.326                            0.306     
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Effects of –80, -50, -20, 0, +20, +50, and +80 % variations in influent flow: 
          0%                             -20%                             -50%                          -80%       
        0.362                           0.346                           0.320                            0.290 
          --                                +20%                           +50%                         +80% 
          --                                0.377                           0.398                            0.418 
 
Based on the sensitivity analysis of selected parameters, the model was most sensitive to 
the selected settling rate (ks) and least sensitive to the phosphorus concentration of the storm 
water (PEventConc)  entering the lake system.  By comparing the mean TP concentrations in the 
lake water due to various management techniques, the greatest overall reductions in phosphorus 
concentrations in the lake were realized through the management of sediment phosphorus release 
followed by the reduction in storm water phosphorus concentrations, algal harvesting and 
influent flow variations (Table 3.11).  Whereas the effects of hydraulic variations in influent 
flows were more apparent during the winter months when the effects of sediment phosphorus 
release impose less impact on phosphorus concentrations in the lake water, the effects of all other 
management strategies were greatest during summer months.  This distinction between the 
timing of phosphorus management strategies may be critical as a basis of strategy selection when 





Chapter 4:  Global Discussion 
The assessment of post-restoration water quality trends as presented by this study 
provides critical insight into the short-term and long-term effects of lake restoration, 
specifically dredging.   Within one year following restoration, the expected intent of the 
restoration effort was realized through a drastic reduction in nutrient concentrations in the 
lake, a general increase in the mean lake depth and volume, a reduction in the frequency of 
algal blooms, and the reduction of large-scale fish kills.   The restoration effort also resulted 
in unforeseen changes in lake chemistry and biology that would influence long-term trends in 
the City Park Lake system.    These changes included a conversion from phosphorus-limited 
to nitrogen-limited conditions following the removal of phosphorus-laden sediments and a 
shift  in the pre-dominant type of algae that would occur during the decades that followed 
restoration.  The trend toward nitrogen-limited conditions was strongly influenced by an 
increase in phosphorus concentrations in the lake water.   Continued sediment phosphorus 
release and the limited implementation of watershed and in-lake management strategies 
targeting phosphorus have no doubt contributed to this trend.  In addition, the relatively high 
phosphorus concentrations observed during the summer of 2000 were likely exacerbated by 
below-normal precipitation during and preceding this year.   
The organic staining of lake water such as what was observed during the 2000-2001 
sampling period also provided critical insight into the complexity of City Park Lake.  The 
level and duration of staining effectively crippled the capacity of the lake system to culture 
significant quantities of algae, specifically filamentous algae.  The presence of filamentous 
algae in shallow areas of the lake during the summers of 2000 and 2001 nonetheless 
indicated that light, rather than nutrients, limited the growth of filamentous algal types.  The 
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critical light climate at which the growth of filamentous species occurs still remains 
undetermined.  However, a return to normal and above-normal precipitation is likely to flush 
organic decay substances from the lake system, resulting in subsequent increases in the light 
climate of City Park Lake.   
Because nutrient-loading mechanisms can be located, isolated and targeted for 
remediation, nutrient management within watershed and lake should be the critical focus for 
the long-term management and control of trophic symptoms, such as algae, in City Park 
Lake.  Based on the comparison of City Park Lake trophic state variables to the OECD index, 
phosphorus-excess as opposed to a deficiency in nitrogen have contributed to current 
“nitrogen-limited” conditions.  Therefore, the integration of phosphorus management 
strategies into a management plan for City Park Lake is critical for the sustainable control of 
trophic symptoms such as filamentous algae.  
Supported by the model presented in this study, the quantification of phosphorus in 
City Park Lake and the sources of phosphorus can provide better tools for decision-making.  
In an effort to better understand the relative magnitude of phosphorus sources and presence 
in City Park Lake, pie graphs were constructed based on output from the calibrated 
phosphorus management model.  As demonstrated in Figure 4.1, a comparison of total import 
versus export of phosphorus for the calibration period reveals nearly steady-state conditions.  
This infers that sources approximate sinks and therefore, phosphorus concentrations are 
nearly constant, at least annually.  Based on the degree of phosphorus accumulation indicated 
by post-restoration water quality trends, a net retention of phosphorus is common in most 
years with normal to above-normal rainfall. 
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                       Figure 4.1  Phosphorus import and export for City Park Lake system 
The imposition of phosphorus various degrees and means of phosphorus management 
on the calibrated phosphorus model indicate that phosphorus reduction is indeed achievable 
in the short-term.  Although the effects of climate are less predictable, as evidenced by the 
occurrence of organic-staining in City Park Lake during recent years, the simulated results of 
phosphorus management practices during the calibration provide encouraging evidence as to 
the long-term success of such practices.  As a tool for the selection of management strategies, 
a reduction in sediment phosphorus release and the management of phosphorus loadings due 
to storm water provide the best indication of success with respect to phosphorus reduction in 
the lake.  Although the occurrence and extent of floating filamentous algae are less 
predictable, the cumulative effects of repeated algal harvesting will result in beneficial 
reductions in the amount of phosphorous available for future algal populations.  Ultimately, 
the combination of phosphorus management practices will provide the most formidable 
defense against phosphorus enrichment and the manifestation of algae in City Park Lake.  
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Chapter 5:  Conclusions 
The management of phosphorus in lake systems has provided the City of Baton 
Rouge with a long and difficult challenge.  Large-scale sediment dredging and sewer 
rehabilitation work resulted in immediate, short-term impacts to the water quality of City 
Park Lake.  Namely, these impacts included a reduction in the frequency of algal blooms and 
fish kills, as well as an improvement in the oxygen storage capacity of the lake.  An 
evaluation of the post-restoration trends in water quality have resulted in the following 
observations: 
1. The restoration of City Park Lake resulted in dramatic improvements in lake 
quality, including the reduction of nutrient concentrations, increases in the mean 
depth and volume, a reduction in the frequency of algal blooms, and a reduction 
in the frequency of large-scale fish kills; 
2. Phosphorus levels in City Park Lake have climbed from a low in 1984 to pre-
restoration level at present; 
3. The increase in phosphorus levels over the past two decades have influenced the 
nitrogen-limited conditions observed during post-restoration; 
4. Due in part to recent drought-like conditions, City Park Lake has reached steady-
state with respect to phosphorus concentrations; 
5. Nitrogen-limitation may sustain and encourage the predominance of some 
filamentous forms of cyanobacteria; 
6. Short-term and long-term reductions in lakes phosphorus concentrations are 
possible through various management strategies;   
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7. The implementation of phosphorus management strategies in City Park Lake and 
its watershed represents the most formidable way of curtailing increasing 
phosphorus concentrations and controlling the growth of filamentous algae; and 
8. Improvements in the current scientific body of knowledge through additional 
research will result in a better understanding of the role that nutrients, light 
climate, and hydrology play in promoting filamentous algae over other types of 
algae, especially in shallow lake systems.   
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Table A-1  Location descriptions and water depths for initial sample points for 2000-2001 City 










1 N 30°E 25’ 14.62” 
W 91°E 10’00.29” 
0.91 S side of lake; 6 m from primary 
outfall 
2 N 30°E 25’ 21.06” 
W 91°E 09’ 53.45” 
1.59 E side of lake; in big bend near 
Lake Erie 
3 N 30°E 25’ 27.13” 
W 91°E 09’58.53” 
1.10 
E side of lake; snall bend S of I-10 
4 N 30°E 25’ 38.25” 
W 91°E 09’57.42” 
1.16 
NE corner of lake; N of I-10 
5 N 30°E 25’ 42.73” 
W 91°E 10’ 04.75” 
1.52 N side of lake; approx. 27 m SW of 
Bayou Duplantier/City Park Lake 
confluence 
6 N 30°E 25’ 24.31” 
W 91°E 10’ 0.4.44” 
0.91 W side of lake; near large oak tree; 









































Figure A-1  Map of study site and water quality sampling site locations 
Sample sites 
(see Table A-1) 
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Table A-2  Results of total phosphorus (TP) analysis for determination of lateral 
homogeneity in City Park Lake (May 31, 2000 sampling) 
























































Statistical Determination of Lateral Homogeneity Using SAS© Release 8.02 
City Park Lake Total Phosphorus (TP) Results for Top/Mid-depth Samples 
May 31, 2000 Sampling 
 
 
DM "LOG; CLEAR; OUT; CLEAR"; 
 
OPTIONS PAGENO=1 LS=78 PS=61; 
DATA INITP; 
TITLE1 'DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING'; 
TITLE2 'CITY PARK LAKE'; 
INFILE CARDS MISSOVER; 
INPUT LOC$ P; 
CARDS; 
CPL1T  0.354 
CPL1T  0.339 
CPL2T  0.363 
CPL2T  0.378 
CPL4T  0.402 
CPL4T  0.408 
CPL4T  0.411 
CPL5T  0.384 
CPL5T  0.399 
CPL5T  0.414 
CPL6T  0.357 
CPL6T  0.369 
CPL6T  0.384 
; 
 
PROC GLM DATA=INITP; 
CLASS LOC; 
MODEL P=LOC/SS3; 
MEANS LOC/HOVTEST=BARTLETT HOVTEST=BF HOVTEST=LEVENE(TYPE=ABS) 
HOVTEST=LEVENE(TYPE=SQUARE)HOVTEST=OBRIEN WELCH; 
MEANS LOC/LSD ALPHA=0.001 TUKEY BON SCHEFFE DUNCAN; 
CONTRAST 'P VS P' LOC -1 1 1 1 1 1; 
CONTRAST 'P VS P' LOC 1 -1 1 1 1 1; 
CONTRAST 'P VS P' LOC 1 1 -1 1 1 1; 
CONTRAST 'P VS P' LOC 1 1 1 -1 1 1; 
CONTRAST 'P VS P' LOC 1 1 1 1 -1 1; 
CONTRAST 'P VS P' LOC 1 1 1 1 1 -1; 











           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING          1 
                               CITY PARK LAKE 09:42 Tuesday, January 29, 2002 
 
                              The GLM Procedure 
 
                           Class Level Information 
 
            Class         Levels    Values 
 
            LOC                5    CPL1T CPL2T CPL4T CPL5T CPL6T 
 
 
                         Number of observations    13 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         2 
                               CITY PARK LAKE 09:42 Tuesday, January 29, 2002 
 
                              The GLM Procedure 
 
Dependent Variable: P 
 
                                      Sum of 
Source                     DF        Squares    Mean Square   F Value   Pr >F 
 
Model                       4     0.00595777     0.00148944     11.00  0.0025 
 
Error                       8     0.00108300     0.00013537 
 
Corrected Total            12     0.00704077 
 
 
              R-Square     Coeff Var      Root MSE        P Mean 
 
              0.846182      3.048287      0.011635      0.381692 
 
 
Source                     DF    Type III SS    Mean Square   F Value   Pr >F 
 
LOC                         4     0.00595777     0.00148944     11.00  0.0025 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         3 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
                 Levene's Test for Homogeneity of P Variance 
                ANOVA of Squared Deviations from Group Means 
 
                              Sum of        Mean 
        Source        DF     Squares      Square    F Value    Pr > F 
 
        LOC            2    3.094E-8    1.547E-8       1.65    0.2691 
        Error          6    5.637E-8    9.395E-9 
 
 








     O'Brien's Test for Homogeneity of P Variance 
                 ANOVA of O'Brien's Spread Variable, W = 0.5 
 
                              Sum of        Mean 
        Source        DF     Squares      Square    F Value    Pr > F 
 
        LOC            2    6.962E-8    3.481E-8       0.73    0.5195 
        Error          6    2.854E-7    4.756E-8 
 
 
           Brown and Forsythe's Test for Homogeneity of P Variance 
               ANOVA of Absolute Deviations from Group Medians 
 
                              Sum of        Mean 
        Source        DF     Squares      Square    F Value    Pr > F 
 
        LOC            2    0.000086    0.000043       0.88    0.4631 
        Error          6    0.000294    0.000049 
 
 
                 Bartlett's Test for Homogeneity of P Variance 
 
                 Source        DF    Chi-Square    Pr > ChiSq 
 
                 LOC            4        1.9343        0.7478 
 
 
                             Welch's ANOVA for P 
 
                   Source          DF    F Value    Pr > F 
 
                   LOC         4.0000      12.68    0.0296 
                   Error       3.0954 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         4 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
               Level of           --------------P-------------- 
               LOC          N             Mean          Std Dev 
 
               CPL1T        2       0.34650000       0.01060660 
               CPL2T        2       0.37050000       0.01060660 
               CPL4T        3       0.40700000       0.00458258 
               CPL5T        3       0.39900000       0.01500000 
               CPL6T        3       0.37000000       0.01352775 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         5 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
                             t Tests (LSD) for P 
 
   NOTE: This test controls the Type I comparisonwise error rate, not the 
                          experimentwise error rate. 
 
 
                    Alpha                           0.001 
                    Error Degrees of Freedom            8 
                    Error Mean Square            0.000135 
                    Critical Value of t           5.04131 
                    Least Significant Difference   0.0525 
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                    Harmonic Mean of Cell Sizes       2.5 
 
                       NOTE: Cell sizes are not equal. 
 
 
          Means with the same letter are not significantly different. 
 
 
                 t Grouping          Mean      N    LOC 
 
                          A       0.40700      3    CPL4T 
                          A 
                          A       0.39900      3    CPL5T 
                          A 
                     B    A       0.37050      2    CPL2T 
                     B    A 
                     B    A       0.37000      3    CPL6T 
                     B 
                     B            0.34650      2    CPL1T 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         6 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
                      Duncan's Multiple Range Test for P 
 
   NOTE: This test controls the Type I comparisonwise error rate, not the 
                          experimentwise error rate. 
 
 
                     Alpha                          0.001 
                     Error Degrees of Freedom           8 
                     Error Mean Square           0.000135 
                     Harmonic Mean of Cell Sizes      2.5 
 
                       NOTE: Cell sizes are not equal. 
 
 
       Number of Means           2           3           4           5 
       Critical Range       .05246      .05451      .05582      .05673 
 
 
          Means with the same letter are not significantly different. 
 
 
            Duncan Grouping          Mean      N    LOC 
 
                          A       0.40700      3    CPL4T 
                          A 
                     B    A       0.39900      3    CPL5T 
                     B    A 
                     B    A       0.37050      2    CPL2T 
                     B    A 
                     B    A       0.37000      3    CPL6T 
                     B 
                     B            0.34650      2    CPL1T 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         7 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
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Tukey's Studentized Range (HSD) Test for P 
 
    NOTE: This test controls the Type I experimentwise error rate, but it 
            generally has a higher Type II error rate than REGWQ. 
 
 
                 Alpha                                  0.001 
                 Error Degrees of Freedom                   8 
                 Error Mean Square                   0.000135 
                 Critical Value of Studentized Range  9.52326 
                 Minimum Significant Difference        0.0701 
                 Harmonic Mean of Cell Sizes              2.5 
 
                       NOTE: Cell sizes are not equal. 
 
 
         Means with the same letter are not significantly different. 
 
 
          Tukey Grouping          Mean      N    LOC 
 
                       A       0.40700      3    CPL4T 
                       A 
                       A       0.39900      3    CPL5T 
                       A 
                       A       0.37050      2    CPL2T 
                       A 
                       A       0.37000      3    CPL6T 
                       A 
                       A       0.34650      2    CPL1T 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         8 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
                       Bonferroni (Dunn) t Tests for P 
 
    NOTE: This test controls the Type I experimentwise error rate, but it 
            generally has a higher Type II error rate than REGWQ. 
 
 
                   Alpha                             0.001 
                   Error Degrees of Freedom              8 
                   Error Mean Square              0.000135 
                   Critical Value of t             7.12000 
                   Minimum Significant Difference   0.0741 
                   Harmonic Mean of Cell Sizes         2.5 
 
                       NOTE: Cell sizes are not equal. 
 
 
         Means with the same letter are not significantly different. 
 
 
            Bon Grouping          Mean      N    LOC 
 
                       A       0.40700      3    CPL4T 
                       A 
                       A       0.39900      3    CPL5T 
                       A 
                       A       0.37050      2    CPL2T 
                       A 
                       A       0.37000      3    CPL6T 
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                       A 
                       A       0.34650      2    CPL1T 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING         9 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                              The GLM Procedure 
 
                             Scheffe's Test for P 
 
        NOTE: This test controls the Type I experimentwise error rate. 
 
 
                   Alpha                             0.001 
                   Error Degrees of Freedom              8 
                   Error Mean Square              0.000135 
                   Critical Value of F            14.39158 
                   Minimum Significant Difference    0.079 
                   Harmonic Mean of Cell Sizes         2.5 
 
                       NOTE: Cell sizes are not equal. 
 
 
         Means with the same letter are not significantly different. 
 
 
        Scheffe Grouping          Mean      N    LOC 
 
                       A       0.40700      3    CPL4T 
                       A 
                       A       0.39900      3    CPL5T 
                       A 
                       A       0.37050      2    CPL2T 
                       A 
                       A       0.37000      3    CPL6T 
                       A 
                       A       0.34650      2    CPL1T 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING        10 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                           The UNIVARIATE Procedure 
                                 Variable:  E 
 
                                   Moments 
 
       N                          13    Sum Weights                 13 
       Mean                        0    Sum Observations             0 
       Std Deviation          0.0095    Variance            0.00009025 
       Skewness           0.05582579    Kurtosis            -0.8503522 
       Uncorrected SS       0.001083    Corrected SS          0.001083 
       Coeff Variation             .    Std Error Mean      0.00263483 
 
 
                          Basic Statistical Measures 
 
                Location                    Variability 
 
            Mean     0.000000     Std Deviation            0.00950 
            Median   0.000000     Variance               0.0000902 
            Mode     0.007500     Range                    0.03000 




                          Tests for Location: Mu0=0 
 
               Test           -Statistic-    -----p Value------ 
 
               Student's t    t         0    Pr > |t|    1.0000 
               Sign           M         0    Pr >= |M|   1.0000 
               Signed Rank    S        -1    Pr >= |S|   0.9551 
 
 
                             Tests for Normality 
 
          Test                  --Statistic---    -----p Value------ 
 
          Shapiro-Wilk          W     0.965184    Pr < W      0.8310 
          Kolmogorov-Smirnov    D     0.092775    Pr > D     >0.1500 
          Cramer-von Mises      W-Sq  0.021684    Pr > W-Sq  >0.2500 
          Anderson-Darling      A-Sq  0.173399    Pr > A-Sq  >0.2500 
 
 
                           Quantiles (Definition 5) 
 
                            Quantile      Estimate 
 
                            100% Max        0.0150 
                            99%             0.0150 
                            95%             0.0150 
                            90%             0.0140 
                            75% Q3          0.0075 
                            50% Median      0.0000 
                            25% Q1         -0.0075 
                            10%            -0.0130 
                            5%             -0.0150 
                            1%             -0.0150 
                            0% Min         -0.0150 
 
           DETERMINATION OF TP HOMOGENEITY FOR MAY 31,2000 SAMPLING        11 
                                CITY PARK LAKE 09:42 Tuesday, January 29,2002 
 
                           The UNIVARIATE Procedure 
                                 Variable:  E 
 
                             Extreme Observations 
 
                   -----Lowest-----        -----Highest---- 
 
                     Value      Obs          Value      Obs 
 
                   -0.0150        8         0.0040        7 
                   -0.0130       11         0.0075        1 
                   -0.0075        3         0.0075        4 
                   -0.0075        2         0.0140       13 
                   -0.0050        5         0.0150       10 
 
 
               Stem Leaf                     #             Boxplot 
                  1 5                        1                | 
                  1 4                        1                | 
                  0 88                       2             +-----+ 
                  0 014                      3             *--+--* 
                 -0 1                        1             |     | 
                 -0 885                      3             +-----+ 
                 -1 3                        1                | 
                 -1 5                        1                | 
                    ----+----+----+----+ 
 118




                                Normal Probability Plot 
           0.0175+                                         +*++++ 
                 |                                    +*+++ 
                 |                               *+*++ 
                 |                         *+*+*+ 
                 |                    +*+*+ 
                 |               ++*+* 
                 |        * +++*+ 
          -0.0175+    ++++++ 
                  +----+----+----+----+----+----+----+----+----+----+ 
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Table B-1  In situ water quality data for City Park Lake Site 1 
  Water Secchi Ambient Location Water   
Sample Depth Depth Air Temp. in Water Temp.  DO 
Date Time (ft) (in) (Deg. C) Column (Deg. C) pH (mg/L) 
6/7/00 930 3.2 8.0 23.9 Top 26.4 8.26 7.42 
     Bottom 26.3 7.85 6.66 
6/13/00 700 3.2 11.0 23.9 Top 28.6 6.98 3.85 
     Bottom 28.7 7.35 0.93 
6/20/00 723 3.2 9.0 23.9 Top 27.8 6.56 5.01 
     Bottom 27.7 6.91 3.63 
6/27/00 709 3.4 9.0 21.1 Top 29.6 7.88 3.33 
     Bottom 29.6 6.88 1.76 
7/10/00 650 3.0 11.0 26.3 Top 29.6 7.4 2.17 
     Bottom 25 7.58 2.12 
7/28/00 853 3.0 N/A 30.2 Top 29.7 7.8 4.66 
       Bottom 29.5 7.65 3.85 
8/3/00 730 2.7 12.0 25.6 Top N/A 7.12 N/A 
     Bottom N/A 7.13 N/A 
8/10/00 650 2.8 7.0 25.7 Top 30.9 7.76 3.62 
     Bottom 30.9 7.81 3.35 
8/17/00 725 3.0 8.0 25.7 Top 30.8 7.36 2.71 
     Bottom 30.7 7.52 2.15 
9/7/00 700 2.9 7.0 21.0 Top 26.7 7.43 2.19 
     Bottom 26.6 7.55 1.99 
9/21/00 700 3.2 10.0 25.2 Top 27.7 7.58 3.48 
     Bottom 27.6 7.51 3.35 
10/12/00 707 3.0 8.4 15.1 Top 17.7 6.94 6.82 
     Bottom 17.6 7.15 6.70 
10/26/00 715 2.9 8.3 17.5 Top 21.6 6.79 2.76 
    Bottom 21.5 6.79 2.83 
11/9/00 710 3.8 13.2 12.4 Top 21.2 7.53 5.62 
    Bottom 21.2 7.59 5.59 
12/7/01 726 4.0 32.4 10.5 Top 10.1 6.85 7.13 
    Bottom 10.0 6.94 7.10 
1/22/01 713 4.2 24.0 7.0 Top 8.6 7.07 7.67 
    Bottom 8.6 7.04 7.74 
2/9/01 726 3.9 36.0 20.2 Top 16.7 6.99 5.5 
    Bottom 16.4 6.97 4.65 
3/5/01 730 4.2 31.0 9.9 Top 17.3 6.91 5.13 
    Bottom 17.2 6.88 5.11 
3/19/01 744 4.5 24.0 12.3 Top 16.3 6.78 6.23 
    Bottom 16.2 6.76 6.31 
4/16/01 658 3.8 24.0 18.6 Top 26.2 7.10 6.14 
    Bottom 26.3 7.09 6.13 
4/30/01 725 3.5 14.0 19.4 Top 23.1 7.40 6.63 
    Bottom 23.2 7.46 6.69 
5/28/01 703 3.5 14.0 23.0 Top 26.9 7.23 4.63 
    Bottom 26.9 7.24 4.58 
6/20/01 835 3.2 18.0 24.9 Top 29 7.02 6.06 
         Bottom 28.7 6.53 7.06 
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Table B-2  In situ water quality data for City Park Lake Site 5 
 Water Secchi Ambient Location Water   
Sample Depth Depth Air Temp. in Water Temp.  DO 
Date Time (ft) (in) (Deg. C) Column (Deg. C) pH (mg/L) 
6/7/00 945 4.2 12.0 23.9 Top 26.8 7.23 4.62 
        Bottom 26.7 7.34 4.25 
6/13/00 730 4.2 9.0 23.9 Top 30.1 7.03 3.28 
        Bottom 29.9 7.43 3.06 
6/20/00 709 4.2 11.0 23.9 Top 29.1 6.72 4.30 
        Bottom 29.0 7.14 4.10 
6/27/00 725 4.3 11.0 22.8 Top 30.5 7.09 2.95 
       Bottom 30.1 6.80 2.40 
7/10/00 713 4.6 13.0 25.0 Top 25.0 7.55 2.25 
        Bottom 25.0 7.40 2.06 
7/28/00 947 4.5 N/A 30.4 Top 30.9 7.92 4.56 
          Bottom 30.6 7.66 2.57 
8/3/00 825 3.8 10.0 25.3 Top 25.1 7.81 3.79 
        Bottom 25.0 7.85 3.71 
8/10/00 720 3.6 8.0 26.6 Top 32.0 7.48 2.01 
        Bottom 32.0 7.55 1.77 
8/17/00 750 4.0 10.0 26.1 Top 31.6 7.98 4.30 
        Bottom 31.7 8.06 4.27 
9/7/00 734 3.7 8.0 21.9 Top 27.5 7.01 0.85 
        Bottom 27.5 7.21 0.64 
9/21/00 732 4.2 10.0 25.6 Top 29.0 7.65 3.60 
        Bottom 29.0 7.71 3.52 
10/12/00 737 4.0 8.4 12.3 Top 15.3 7.34 7.42 
        Bottom 15.4 7.25 7.38 
10/26/00 750 3.9 8.4 18.7 Top 23.1 7.18 3.72 
         Bottom 23.0 7.20 3.53 
11/9/00 744 4.9 12.0 12.1 Top 21.6 7.42 4.86 
       Bottom 21.7 7.43 4.88 
12/7/00 755 4.6 33.6 6.5 Top 10.1 7.35 7.55 
    Bottom 10.1 7.26 7.52 
1/22/01 746 5.0 25.2 4.7 Top 8.7 6.83 7.88 
    Bottom 9.1 6.83 7.83 
2/9/01 754 5.4 36.0 19.7 Top 17.5 7.09 5.97 
    Bottom 17.3 7.02 5.87 
3/5/01 805 5.0 45.6 10.7 Top 17.3 6.92 4.75 
    Bottom 17.3 6.84 4.59 
3/19/01 812 5.2 25.2 11.7 Top 16.0 6.85 5.78 
      Bottom 16.0 6.75 5.78 
4/16/01 725 4.8 24.0 18.3 Top 26.9 7.21 5.71 
    Bottom 27.0 7.14 5.66 
4/30/01 755 4.8 27.6 19.5 Top 23.9 7.56 5.84 
    Bottom 24.1 7.47 6.17 
5/28/01 727 5.0 18.0 24.5 Top 27.9 7.61 4.88 
    Bottom 27.9 7.45 4.30 
6/20/01 900 5.2 25.0 29.5 Top 29.8 6.61 3.82 
         Bottom 29.6 6.41 2.79 
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Table B-3  Analytical data for City Park Lake Site 1 
  Chl-a Chl-a                
Sample (ug/L) (ug/L) TP PO4 TKN TAN NO2/NO3 TSS VSS    
Date Time Uncorr. Corr. (mg/L) (mg-P/L) (mg-N/L) (mg-N/L) (mg-N/L) (mg/L) (mg/L) TKN/TP TN/TP 
6/7/00 930 -- 41.55 0.279 0.053 N/A N/A N/A N/A N/A -- NA 
  -- 32.94 0.685 0.096 N/A N/A N/A N/A N/A -- NA 
6/13/00 700 -- -- 0.298 N/A N/A N/A N/A 40.00 13.38 -- NA 
  -- -- 0.313 0.098 N/A N/A N/A 47.00 13.79 -- NA 
6/20/00 723 -- -- 0.271 0.063 0.634 0.097 <0.01 51.30 12.70 2.34 2.34 
  -- -- 0.319 0.069 0.514 0.06 <0.01 54.33 16.00 1.61 1.61 
6/27/00 709 -- 41.87 0.234 0.097 0.162 N/A 0.019 23.70 16.70 0.69 0.77 
  -- 46.22 0.354 0.192 0.893 0.162 <0.01 33.33 11.00 2.52 2.52 
7/10/00 650 -- 38.42 0.47 0.19 N/A 0.099 0.036 26.70 N/A -- 0.08 
  -- 33.94 0.542 0.474 0.549 0.067 0.014 30.00 N/A 1.01 1.04 
7/28/00 853 -- 78.03 N/A N/A N/A N/A N/A N/A N/A -- NA 
    -- 86.57 N/A N/A N/A N/A N/A N/A N/A -- NA 
8/3/00 730 60.00 -- 0.646 0.141 0.757 0.053 0.014 37.50 20.42 1.17 1.19 
  61.07 -- 0.599 0.166 0.73 0.052 <0.01 44.17 31.25 1.22 1.22 
8/10/00 650 78.73 -- 0.572 0.129 0.897 N/A <0.01 48.75 31.67 1.57 1.57 
  82.33 -- 0.578 0.12 0.687 N/A <0.01 53.75 34.58 1.19 1.19 
8/17/00 725 -- 74.91 0.671 0.199 1.468 0.094 0.011 42.50 29.17 2.19 2.20 
  -- 82.11 0.652 0.184 1.26 0.026 0.011 42.08 30.00 1.93 1.95 
9/7/00 700 101.07 -- 0.68 0.256 1.164 0.083 <0.01 48.75 32.50 1.71 1.71 
  91.80 -- 0.667 0.247 1.122 0.053 0.017 50.00 25.83 1.68 1.71 
9/21/00 700 -- 84.45 0.475 0.104 0.562 0.037 0.013 54.22 36.89 1.18 1.21 
  -- 79.54 0.519 0.098 0.688 0.025 <0.01 50.67 33.33 1.33 1.33 
10/12/00 707 -- 59.83 0.372 0.012 0.672 0.02 <0.01 42.08 27.50 1.81 1.81 
  -- 62.96 0.521 0.011 0.739 0.014 <0.01 N/A N/A 1.42 1.42 
10/26/00 715 -- 75.66 0.396 0.03 0.815 0.138 0.018 44.00 24.00 2.06 2.10 
 -- 68.46 0.363 0.035 0.663 0.089 <0.01 42.00 25.33 1.83 1.83 
11/9/00 710 -- 53.22 0.243 0.059 1.129 0.413 0.081 24.17 14.58 4.65 4.98 
 -- 47.45 0.225 0.058 1.113 0.402 0.047 24.38 16.25 4.95 5.16 
12/7/01 726 -- 14.23 0.355 0.053 0.461 0.114 0.341 13.67 5.00 1.30 2.26 
 -- 14.82 0.349 0.052 0.444 0.129 0.226 13.00 7.50 1.27 1.92 
1/22/01 713 -- 11.84 0.081 0.047 0.496 0.081 0.207 14.00 4.67 6.12 8.68 
 -- 8.92 0.087 0.045 0.450 0.085 0.211 14.33 2.67 5.17 7.60 
2/9/01 726 -- 19.63 0.129 0.050 0.481 0.070 0.062 10.00 8.89 3.73 4.21 
 -- 15.18 0.129 0.051 0.464 0.105 0.055 12.00 8.67 3.60 4.02 
3/5/01 730 -- -- 0.210 0.153 0.973 0.319 0.220 10.89 3.33 4.63 5.68 
 -- -- 0.236 0.160 0.822 0.347 0.221 14.00 5.00 3.48 4.42 
3/19/01 744 -- 30.51 0.205 0.110 0.437 0.090 0.247 12.00 4.67 2.13 3.34 
 -- 37.6 0.210 0.109 0.590 0.090 0.233 16.67 6.67 2.81 3.92 
4/16/01 658 -- 5.59 0.314 0.151 0.307 0.330 <0.01 18.67 7.78 0.98 0.98 
 -- 5.93 0.347 0.158 0.574 0.064 0.015 26.00 8.22 1.65 1.70 
4/30/01 725 -- -- 0.289 0.142 0.450 0.061 0.026 9.11 4.22 1.56 1.65 
 -- -- 0.236 0.139 0.414 0.040 <0.01 12.89 7.33 1.75 1.75 
5/28/01 703 -- 14.18 0.284 0.084 0.561 0.044 NA 23.00 12.00 1.98 1.98 
 -- 17.25 0.311 0.082 0.384 0.038 NA 23.67 12.00 1.23 1.23 
6/20/01 835 -- NA 0.177 0.048 NA NA NA 14.33 5.33 NA NA 
   -- NA 0.303 0.046 NA NA NA 26.00 6.67 NA NA 
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Table B-4  Analytical data for City Park Lake Site 5 
 Chl-a Chl-a          
Sample (ug/L) (ug/L) TP PO4 TKN TAN NO2/NO3 TSS VSS    
Date Time Uncorr. Corr. (mg/L) (mg P/L) (mg N/L) (mg N/L) (mg N/L) (mg/L) (mg/L) TKN/TP TN/TP 
6/7/00 945 -- 17.87 0.344 0.082 N/A N/A N/A N/A N/A -- -- 
  -- 30.37 0.431 0.105 N/A N/A N/A N/A N/A -- -- 
6/13/00 730 -- -- 0.372 0.133 N/A N/A N/A 36.33 14.00 -- -- 
  -- -- 0.363 0.162 N/A N/A N/A 36.67 13.99 -- -- 
6/20/00 709 -- -- 0.278 0.084 0.869 0.065 <0.01 29.67 9.67 3.13 3.13 
  -- -- 0.341 0.103 0.375 0.074 0.076 26.67 11.00 1.10 1.32 
6/27/00 725 -- 37.83 0.296 0.138 0.296 0.147 0.037 26.00 11.33 1.00 1.13 
  -- 37.67 0.291 0.168 0.559 0.101 0.013 29.67 8.00 1.92 1.97 
7/10/00 713 -- 48.36 0.451 0.174 0.673 0.122 0.051 30.00 N/A 1.49 1.61 
  -- 48.44 0.552 0.184 0.393 0.05 0.012 33.67 N/A 0.71 0.73 
7/28/00 947 -- 83.6 N/A N/A N/A N/A N/A N/A N/A -- -- 
    -- 72.23 N/A N/A N/A N/A N/A N/A N/A -- -- 
8/3/00 825 49.07 -- 0.522 0.133 0.507 0.029 <0.01 35.42 19.58 0.97 0.97 
  47.87 -- 0.516 0.136 0.273 0.044 <0.01 36.67 17.50 0.53 0.53 
8/10/00 720 61.13 -- 0.619 0.375 0.77 N/A <0.01 47.08 31.67 1.24 1.24 
  63.67 -- 0.615 0.205 0.256 N/A 0.084 58.75 33.33 0.42 0.55 
8/17/00 750 -- 71.08 0.657 0.203 0.891 0.026 0.01 41.67 30.83 1.36 1.37 
  -- 64.11 0.668 0.202 1.236 0.042 0.011 46.67 30.00 1.85 1.87 
9/7/00 734 103.27 -- 0.649 0.252 1.809 0.068 <0.01 45.00 31.25 2.79 2.79 
  101.07 -- 0.700 0.253 1.753 0.067 <0.01 49.58 27.50 2.50 2.50 
9/21/00 732 -- 77.45 0.495 0.082 0.719 0.045 <0.01 56.00 33.78 1.45 1.45 
  -- 81.07 0.535 0.126 0.604 0.041 <0.01 56.44 32.00 1.13 1.13 
10/12/00 737 -- 65.07 0.417 0.015 0.652 0.034 <0.01 45.00 29.17 1.56 1.56 
  -- 72.61 0.404 0.017 0.651 0.017 <0.01 N/A N/A 1.61 1.61 
10/26/00 750 -- 95.44 0.382 0.019 0.663 0.001 <0.01 45.33 30.22 1.74 1.74 
  -- 89.93 0.388 0.019 0.654 0.004 <0.01 43.11 25.33 1.69 1.69 
11/9/00 744 -- 27.52 0.323 0.149 0.848 0.304 0.193 38.33 15.42 2.63 3.22 
  -- 32.56 0.359 0.166 0.855 0.302 0.115 38.33 14.58 2.38 2.70 
12/7/00 755 -- 10.00 0.122 0.053 0.556 0.159 0.317 10.00 6.67 4.56 7.16 
 -- 10.19 0.121 0.052 0.529 0.174 0.231 13.00 8.00 4.37 6.28 
1/22/01 746 -- 9.00 0.083 0.056 0.455 0.121 0.171 14.44 3.78 5.48 7.54 
 -- 10.10 0.712 0.057 0.592 0.137 0.171 16.22 4.89 0.83 1.07 
2/9/01 754 -- 2.89 0.120 0.065 0.557 0.148 0.047 11.78 10.22 4.64 5.03 
 -- 1.54 0.200 0.107 0.949 0.155 0.019 18.67 16.67 4.75 4.84 
3/5/01 805 -- -- 0.242 0.183 0.835 0.393 0.205 8.67 3.11 3.45 4.30 
 -- -- 0.242 0.183 0.937 0.366 0.202 10.00 4.89 3.87 4.71 
3/19/01 812 -- 31.01 0.240 0.131 0.548 0.194 0.206 12.00 4.67 2.28 3.14 
   -- 17.49 0.222 0.133 0.786 0.202 0.209 16.67 6.67 3.54 4.48 
4/16/01 725 -- 8.48 0.326 0.162 0.283 0.054 <0.01 18.67 7.78 0.87 0.87 
 -- 5.38 0.319 0.167 0.353 0.047 0.015 26.00 8.22 1.11 1.15 
4/30/01 755 -- -- 0.333 0.135 0.792 0.037 <0.01 16.00 6.44 2.38 2.38 
 -- -- 0.290 0.135 0.507 0.036 <0.01 12.67 6.67 1.75 1.75 
5/28/01 727 -- 15.83 0.280 0.104 0.561 0.044 NA 21.33 8.00 2.00 2.00 
 -- 14.87 0.303 0.099 0.384 0.038 NA 20.00 9.67 1.27 1.27 
6/20/01 900 -- NA 0.189 0.082 NA NA NA 11.67 7.00 NA NA 
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Two intact sediment cores were collected near Site 1 for the purposes of this experiment. 
The interference of container material and analytical phosphorus results were considered.  In a 
study conducted by Holdren et al. (1980), the use of acrylic plastic and Pyrex glass containers 
were found to have no significant effect on the determination of phosphorus release due to 
container material.  Therefore, samples were obtained by pushing clear PVC tubes into the 
sediment layer until resistance of the underlying clay layer was met.  The tubes were 
approximately 0.6 m in length and 5.1 cm in diameter.  Prior to removing the tubes from the 
sediment, the tubes were capped with PVC caps.  The tubes were then slowly removed to prevent 
movement of the contained sediment cores.  The tubes were immediately capped at the other end 
to prevent sediments from leaving the tubes.  Care was taken to prevent the disturbance of the 
cores and overlying water during transport to the lab at LSU.   
Upon returning to the lab, the overlying water in each tube was carefully siphoned from 
the tube and filtered through 0.45 µm membrane filters.  The membrane filters were pre-soaked 
in deionized water for a period of 24 hours.  Filtering was performed to remove phytoplankton to 
the extent practical so as to minimize interference from growing or respiring algae.  Once 
filtered, the water was slowly returned to the respective tubes and the liquid volume was 
measured.  The tubes were then placed in a plastic drum that was filled with water in order to 
stabilize temperatures during the experimental incubation period.  Efforts were made to 
externally seal the tubes with silicone and tape so as to prevent seepage.  The physical setup of 
the experiment is shown in Photos 1 and 2.  Oxygen concentrations were regulated by sparging 
the water column with ultra-high purity nitrogen gas into the water column of each tube.  This 
was accomplished by using plastic tubing between the gas cylinder and an intermediate glass 
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flask and from the glass flask to each respective tube.  The glass flask was fitted with a rubber 
stopper and filled with deionized water to mitigate evaporation of the water columns in the tubes.  
Air-stones were used to diffuse the gas in the intermediate flask and in each tube.  In order to 
minimize the induction of sediment turbulence, air-stones were maintained at a depth of no less 
than 10-cm from the sediment/water interface.  The temperature and D.O. of the water column 
were routinely measured during the course of the experiment.  Once a temperature of 30°C and a 
D.O. of approximately 0.3 mg/L were achieved, a 150 ml sample was extracted from each tube 
using clean serological pipettes.  The samples were then analyzed for total phosphorus in 
accordance to the ascorbic acid method (Standard Method P-4500) (APHA, 2000).  Results were 















Climatological Data for Calibration Period
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Table D-1  Climatological data for calibration period (Baton Rouge Metropolitan Airport, Baton 
Rouge, Louisiana) 
    Cumulative Precip. T air T dp U w Evap. Jsn 
Month-Year Day Day (cm) ( C ) ( C ) (m/s) (m) (cal(cm2-d)-1 
Jun-00 7 0 0.00 24.4 13.9 2.55 0.0057 975 
Jun-00 8 1 0.00 23.9 18.3 2.91 0.0057 975 
Jun-00 9 2 0.00 27.8 21.1 3.31 0.0057 975 
Jun-00 10 3 0.00 27.2 18.9 3.53 0.0057 975 
Jun-00 11 4 0.00 26.7 18.3 3.00 0.0057 975 
Jun-00 12 5 0.00 26.1 19.4 1.92 0.0057 975 
Jun-00 13 6 0.00 27.2 19.4 3.26 0.0057 975 
Jun-00 14 7 0.10 27.2 21.1 3.31 0.0057 975 
Jun-00 15 8 0.08 27.2 21.7 2.59 0.0057 975 
Jun-00 16 9 0.20 26.7 22.2 2.77 0.0057 975 
Jun-00 17 10 0.00 27.2 22.8 3.00 0.0057 975 
Jun-00 18 11 4.85 27.8 22.8 2.01 0.0057 975 
Jun-00 19 12 0.36 26.7 22.8 1.48 0.0057 975 
Jun-00 20 13 0.97 27.2 23.3 2.19 0.0057 975 
Jun-00 21 14 0.89 28.3 23.3 3.13 0.0057 975 
Jun-00 22 15 0.00 28.9 22.8 2.64 0.0057 975 
Jun-00 23 16 0.00 28.3 22.2 1.88 0.0057 975 
Jun-00 24 17 1.17 29.4 23.3 2.28 0.0057 975 
Jun-00 25 18 0.15 28.3 22.8 1.74 0.0057 975 
Jun-00 26 19 0.08 27.2 22.2 1.74 0.0057 975 
Jun-00 27 20 0.00 27.2 22.8 1.30 0.0057 975 
Jun-00 28 21 0.00 27.8 22.8 1.79 0.0057 975 
Jun-00 29 22 0.13 27.8 23.9 3.26 0.0057 975 
Jun-00 30 23 2.59 27.2 22.8 1.61 0.0057 975 
Jul-00 1 24 0.20 26.7 23.3 1.25 0.0064 926 
Jul-00 2 25 0.00 26.1 22.2 1.43 0.0064 926 
Jul-00 3 26 0.05 27.2 22.2 2.37 0.0064 926 
Jul-00 4 27 0.00 27.2 20.0 2.32 0.0064 926 
Jul-00 5 28 0.00 26.7 18.9 1.83 0.0064 926 
Jul-00 6 29 0.00 28.3 21.7 1.12 0.0064 926 
Jul-00 7 30 0.00 30.0 22.2 2.01 0.0064 926 
Jul-00 8 31 0.00 30.6 22.8 1.30 0.0064 926 
Jul-00 9 32 5.84 28.3 23.3 1.21 0.0064 926 
Jul-00 10 33 0.00 28.3 23.3 2.32 0.0064 926 
Jul-00 11 34 0.00 28.9 23.3 2.73 0.0064 926 
Jul-00 12 35 0.00 28.9 22.2 3.00 0.0064 926 
Jul-00 13 36 0.00 29.4 22.2 3.76 0.0064 926 
Jul-00 14 37 0.00 30.6 23.3 3.58 0.0064 926 
Jul-00 15 38 0.00 30.0 22.2 1.43 0.0064 926 
Jul-00 16 39 0.00 30.6 21.1 3.31 0.0064 926 
Jul-00 17 40 0.00 30.0 23.9 3.04 0.0064 926 
Jul-00 18 41 0.03 30.0 24.4 2.50 0.0064 926 
Jul-00 19 42 0.00 30.6 23.3 3.58 0.0064 926 
Jul-00 20 43 0.00 31.1 23.3 3.31 0.0064 926 
Jul-00 21 44 0.03 30.6 22.8 3.22 0.0064 926 
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Jul-00 22 45 0.00 30.0 20.6 2.91 0.0064 926 
Jul-00 23 46 2.26 22.8 20.6 3.44 0.0064 926 
Jul-00 24 47 0.00 25.6 18.3 0.98 0.0064 926 
Jul-00 25 48 0.00 26.7 17.2 1.74 0.0064 926 
Jul-00 26 49 0.00 26.7 18.3 1.70 0.0064 926 
Jul-00 27 50 0.00 27.2 20.6 1.43 0.0064 926 
Jul-00 28 51 0.00 26.7 20.6 1.88 0.0064 926 
Jul-00 29 52 0.08 28.9 22.2 3.53 0.0064 926 
Jul-00 30 53 0.69 27.2 22.8 3.22 0.0064 926 
Jul-00 31 54 0.00 27.8 22.8 3.67 0.0064 926 
Aug-00 1 55 0.00 26.7 22.2 2.28 0.0060 865 
Aug-00 2 56 0.00 27.2 22.2 2.59 0.0060 865 
Aug-00 3 57 0.00 27.8 23.3 1.79 0.0060 865 
Aug-00 4 58 0.00 28.3 22.2 1.70 0.0060 865 
Aug-00 5 59 0.00 28.9 23.3 2.82 0.0060 865 
Aug-00 6 60 0.00 29.4 22.8 2.19 0.0060 865 
Aug-00 7 61 0.00 29.4 23.3 2.24 0.0060 865 
Aug-00 8 62 0.00 29.4 23.3 2.37 0.0060 865 
Aug-00 9 63 0.00 29.4 22.2 1.79 0.0060 865 
Aug-00 10 64 2.62 29.4 22.2 3.80 0.0060 865 
Aug-00 11 65 1.07 27.8 22.2 1.74 0.0060 865 
Aug-00 12 66 0.00 29.4 20.6 2.06 0.0060 865 
Aug-00 13 67 0.00 27.2 17.8 2.24 0.0060 865 
Aug-00 14 68 0.00 27.2 22.8 2.06 0.0060 865 
Aug-00 15 69 0.03 29.4 23.3 1.97 0.0060 865 
Aug-00 16 70 0.00 30.0 23.3 1.56 0.0060 865 
Aug-00 17 71 0.00 30.6 22.2 2.01 0.0060 865 
Aug-00 18 72 0.00 30.0 22.2 2.32 0.0060 865 
Aug-00 19 73 0.00 30.6 21.7 2.91 0.0060 865 
Aug-00 20 74 0.00 31.1 21.7 2.64 0.0060 865 
Aug-00 21 75 0.00 30.0 21.7 1.16 0.0060 865 
Aug-00 22 76 0.69 28.9 22.2 1.92 0.0060 865 
Aug-00 23 77 1.17 27.8 22.8 1.61 0.0060 865 
Aug-00 24 78 1.12 27.8 22.8 1.12 0.0060 865 
Aug-00 25 79 0.00 28.9 22.2 1.16 0.0060 865 
Aug-00 26 80 0.00 30.0 23.3 2.28 0.0060 865 
Aug-00 27 81 0.00 28.3 23.3 2.32 0.0060 865 
Aug-00 28 82 0.00 29.4 23.3 1.83 0.0060 865 
Aug-00 29 83 0.00 30.6 22.8 2.37 0.0060 865 
Aug-00 30 84 0.13 32.8 21.7 3.08 0.0060 865 
Aug-00 31 85 0.00 31.1 23.3 2.15 0.0060 865 
Sep-00 1 86 0.00 30.0 23.3 3.04 0.0052 788 
Sep-00 2 87 0.00 31.7 21.7 3.58 0.0052 788 
Sep-00 3 88 0.00 31.7 22.2 2.41 0.0052 788 
Sep-00 4 89 0.00 32.2 22.8 2.10 0.0052 788 
Sep-00 5 90 0.00 31.7 20.0 2.15 0.0052 788 
Sep-00 6 91 0.00 26.7 19.4 4.02 0.0052 788 
Sep-00 7 92 0.00 23.9 20.6 4.11 0.0052 788 
Sep-00 8 93 3.51 25.0 23.3 3.71 0.0052 788 
Sep-00 9 94 1.37 25.0 23.3 2.77 0.0052 788 
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Sep-00 10 95 0.23 27.2 23.9 1.97 0.0052 788 
Sep-00 11 96 0.03 27.2 23.3 2.64 0.0052 788 
Sep-00 12 97 0.51 28.3 23.9 2.15 0.0052 788 
Sep-00 13 98 1.52 27.2 23.3 1.48 0.0052 788 
Sep-00 14 99 0.00 26.7 23.3 0.54 0.0052 788 
Sep-00 15 100 0.00 27.2 19.4 1.83 0.0052 788 
Sep-00 16 101 0.00 21.7 11.1 3.22 0.0052 788 
Sep-00 17 102 0.00 21.7 10.6 2.46 0.0052 788 
Sep-00 18 103 0.00 21.7 13.9 1.39 0.0052 788 
Sep-00 19 104 0.00 22.8 20.0 2.50 0.0052 788 
Sep-00 20 105 0.00 27.8 23.3 2.73 0.0052 788 
Sep-00 21 106 0.56 26.7 23.3 1.83 0.0052 788 
Sep-00 22 107 0.00 27.2 24.4 3.44 0.0052 788 
Sep-00 23 108 0.00 29.4 24.4 4.11 0.0052 788 
Sep-00 24 109 0.00 29.4 23.9 3.62 0.0052 788 
Sep-00 25 110 0.00 20.6 14.4 3.89 0.0052 788 
Sep-00 26 111 0.00 14.4 9.4 2.15 0.0052 788 
Sep-00 27 112 0.00 18.9 8.9 2.01 0.0052 788 
Sep-00 28 113 0.00 20.0 10.0 2.19 0.0052 788 
Sep-00 29 114 0.00 20.0 10.6 2.46 0.0052 788 
Sep-00 30 115 0.00 20.0 14.4 1.65 0.0052 788 
Oct. 2000 1 116 0.00 23.3 17.8 2.50 0.0041 634 
Oct. 2000 2 117 0.00 23.9 16.7 2.19 0.0041 634 
Oct. 2000 3 118 0.00 23.3 16.1 2.01 0.0041 634 
Oct. 2000 4 119 0.00 23.3 18.9 2.46 0.0041 634 
Oct. 2000 5 120 0.74 27.2 23.3 2.59 0.0041 634 
Oct. 2000 6 121 1.91 23.9 21.7 2.91 0.0041 634 
Oct. 2000 7 122 0.00 15.6 8.3 3.80 0.0041 634 
Oct. 2000 8 123 0.00 11.1 -1.7 3.71 0.0041 634 
Oct. 2000 9 124 0.00 10.6 0.6 2.73 0.0041 634 
Oct. 2000 10 125 0.00 12.8 2.2 2.06 0.0041 634 
Oct. 2000 11 126 0.00 13.9 4.4 1.65 0.0041 634 
Oct. 2000 12 127 0.00 16.1 5.6 1.25 0.0041 634 
Oct. 2000 13 128 0.00 16.7 7.8 1.79 0.0041 634 
Oct. 2000 14 129 0.00 20.0 11.1 2.01 0.0041 634 
Oct. 2000 15 130 0.00 18.9 13.3 1.25 0.0041 634 
Oct. 2000 16 131 0.08 20.6 16.7 1.25 0.0041 634 
Oct. 2000 17 132 0.00 22.8 17.8 1.34 0.0041 634 
Oct. 2000 18 133 0.00 18.9 14.4 1.21 0.0041 634 
Oct. 2000 19 134 0.00 20.0 11.7 0.89 0.0041 634 
Oct. 2000 20 135 0.00 18.9 11.1 0.45 0.0041 634 
Oct. 2000 21 136 0.00 20.0 15.6 2.06 0.0041 634 
Oct. 2000 22 137 0.00 24.4 20.0 3.58 0.0041 634 
Oct. 2000 23 138 0.00 21.7 16.7 3.17 0.0041 634 
Oct. 2000 24 139 0.00 21.1 14.4 2.06 0.0041 634 
Oct. 2000 25 140 0.00 20.0 11.1 2.15 0.0041 634 
Oct. 2000 26 141 0.00 20.0 13.3 1.70 0.0041 634 
Oct. 2000 27 142 0.00 20.6 13.9 0.89 0.0041 634 
Oct. 2000 28 143 0.00 21.1 14.4 0.72 0.0041 634 
Oct. 2000 29 144 0.00 20.6 14.4 1.12 0.0041 634 
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Oct. 2000 30 145 0.00 20.0 15.6 1.48 0.0041 634 
Oct. 2000 31 146 0.00 21.1 16.7 1.92 0.0041 634 
Nov. 2000 1 147 0.00 22.2 17.8 2.73 0.0020 532 
Nov. 2000 2 148 0.00 22.2 18.3 2.41 0.0020 532 
Nov. 2000 3 149 0.00 22.8 17.2 2.46 0.0020 532 
Nov. 2000 4 150 0.46 21.7 18.3 2.77 0.0020 532 
Nov. 2000 5 151 0.10 22.8 20.0 1.74 0.0020 532 
Nov. 2000 6 152 2.39 20.6 18.9 3.71 0.0020 532 
Nov. 2000 7 153 0.30 19.4 18.3 2.77 0.0020 532 
Nov. 2000 8 154 7.80 25.0 21.7 5.63 0.0020 532 
Nov. 2000 9 155 0.08 13.3 7.8 4.16 0.0020 532 
Nov. 2000 10 156 0.00 10.0 5.6 1.39 0.0020 532 
Nov. 2000 11 157 0.00 7.2 6.7 1.65 0.0020 532 
Nov. 2000 12 158 0.00 13.9 7.8 2.06 0.0020 532 
Nov. 2000 13 159 0.61 11.1 10.6 2.32 0.0020 532 
Nov. 2000 14 160 0.00 8.3 -1.1 2.10 0.0020 532 
Nov. 2000 15 161 0.00 7.2 1.1 1.92 0.0020 532 
Nov. 2000 16 162 2.72 14.4 14.4 1.43 0.0020 532 
Nov. 2000 17 163 0.94 11.7 8.3 2.55 0.0020 532 
Nov. 2000 18 164 8.71 5.6 4.4 4.29 0.0020 532 
Nov. 2000 19 165 1.27 6.7 5.6 2.01 0.0020 532 
Nov. 2000 20 166 0.00 8.3 1.7 1.03 0.0020 532 
Nov. 2000 21 167 0.00 5.6 -3.3 1.65 0.0020 532 
Nov. 2000 22 168 0.00 6.7 -1.1 1.56 0.0020 532 
Nov. 2000 23 169 0.08 11.7 10.6 3.17 0.0020 532 
Nov. 2000 24 170 1.55 16.7 14.4 4.87 0.0020 532 
Nov. 2000 25 171 0.00 11.7 8.9 2.91 0.0020 532 
Nov. 2000 26 172 0.00 12.2 6.7 1.88 0.0020 532 
Nov. 2000 27 173 0.00 10.6 3.3 0.72 0.0020 532 
Nov. 2000 28 174 0.00 12.2 5.6 1.39 0.0020 532 
Nov. 2000 29 175 0.20 12.8 10.6 1.43 0.0020 532 
Nov. 2000 30 176 0.00 10.6 2.8 2.19 0.0020 532 
Dec. 2000 1 177 2.08 8.3 7.8 1.79 0.0021 459 
Dec. 2000 2 178 0.00 8.9 3.3 4.02 0.0021 459 
Dec. 2000 3 179 0.00 5.6 -1.7 3.13 0.0021 459 
Dec. 2000 4 180 0.00 6.7 0.0 1.56 0.0021 459 
Dec. 2000 5 181 0.00 7.2 -0.6 1.03 0.0021 459 
Dec. 2000 6 182 0.43 6.1 3.3 1.43 0.0021 459 
Dec. 2000 7 183 0.00 9.4 5.0 1.79 0.0021 459 
Dec. 2000 8 184 0.00 11.1 7.2 0.94 0.0021 459 
Dec. 2000 9 185 0.00 11.1 6.7 0.45 0.0021 459 
Dec. 2000 10 186 0.00 12.8 9.4 1.25 0.0021 459 
Dec. 2000 11 187 0.00 18.3 13.3 3.53 0.0021 459 
Dec. 2000 12 188 0.00 6.7 -3.3 3.93 0.0021 459 
Dec. 2000 13 189 1.63 14.4 5.6 4.20 0.0021 459 
Dec. 2000 14 190 0.00 5.0 3.3 2.37 0.0021 459 
Dec. 2000 15 191 0.00 8.3 7.8 3.17 0.0021 459 
Dec. 2000 16 192 0.03 13.3 11.1 7.06 0.0021 459 
Dec. 2000 17 193 0.00 2.2 -8.9 3.04 0.0021 459 
Dec. 2000 18 194 0.43 6.7 1.1 3.17 0.0021 459 
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Dec. 2000 19 195 0.00 0.6 -5.6 3.40 0.0021 459 
Dec. 2000 20 196 0.00 1.7 -4.4 3.40 0.0021 459 
Dec. 2000 21 197 0.99 6.1 2.2 2.95 0.0021 459 
Dec. 2000 22 198 0.00 2.2 -6.7 2.32 0.0021 459 
Dec. 2000 23 199 0.00 6.7 -0.6 3.13 0.0021 459 
Dec. 2000 24 200 0.00 13.3 2.2 3.08 0.0021 459 
Dec. 2000 25 201 0.03 10.6 1.1 4.51 0.0021 459 
Dec. 2000 26 202 0.00 11.1 7.8 4.83 0.0021 459 
Dec. 2000 27 203 1.32 11.1 11.7 2.59 0.0021 459 
Dec. 2000 28 204 0.00 5.0 2.8 4.47 0.0021 459 
Dec. 2000 29 205 0.00 6.1 -1.7 3.53 0.0021 459 
Dec. 2000 30 206 0.00 1.1 -6.1 2.55 0.0021 459 
Dec. 2000 31 207 0.00 -1.1 -5.6 1.34 0.0021 459 
Jan-01 1 208 0.00 2.8 -3.3 3.00 0.0018 495 
Jan-01 2 209 0.00 -1.1 -10.0 3.22 0.0018 495 
Jan-01 3 210 0.00 0.0 -7.2 1.61 0.0018 495 
Jan-01 4 211 0.00 4.4 -1.1 1.25 0.0018 495 
Jan-01 5 212 0.00 10.0 2.8 1.48 0.0018 495 
Jan-01 6 213 0.00 10.0 2.8 1.74 0.0018 495 
Jan-01 7 214 0.41 13.3 12.2 3.35 0.0018 495 
Jan-01 8 215 0.00 6.7 1.1 2.46 0.0018 495 
Jan-01 9 216 0.00 5.0 -2.2 2.06 0.0018 495 
Jan-01 10 217 0.00 4.4 -1.7 4.02 0.0018 495 
Jan-01 11 218 0.43 11.7 9.4 3.67 0.0018 495 
Jan-01 12 219 0.00 7.2 5.0 2.73 0.0018 495 
Jan-01 13 220 0.00 8.3 6.1 3.67 0.0018 495 
Jan-01 14 221 0.00 15.0 13.3 1.61 0.0018 495 
Jan-01 15 222 0.53 13.9 9.4 2.19 0.0018 495 
Jan-01 16 223 2.87 9.4 7.8 4.38 0.0018 495 
Jan-01 17 224 0.00 13.3 13.3 2.64 0.0018 495 
Jan-01 18 225 0.97 13.9 13.9 1.79 0.0018 495 
Jan-01 19 226 2.06 5.6 3.3 3.84 0.0018 495 
Jan-01 20 227 0.00 1.7 -2.8 2.28 0.0018 495 
Jan-01 21 228 0.00 2.8 -2.8 1.43 0.0018 495 
Jan-01 22 229 0.00 6.1 -2.2 0.89 0.0018 495 
Jan-01 23 230 0.00 5.6 -0.6 0.58 0.0018 495 
Jan-01 24 231 0.00 7.2 1.7 1.16 0.0018 495 
Jan-01 25 232 0.00 8.9 1.7 1.61 0.0018 495 
Jan-01 26 233 0.00 10.0 6.7 2.41 0.0018 495 
Jan-01 27 234 0.00 15.6 13.3 2.91 0.0018 495 
Jan-01 28 235 0.00 17.2 14.4 5.23 0.0018 495 
Jan-01 29 236 2.90 15.6 13.9 5.14 0.0018 495 
Jan-01 30 237 0.00 16.1 10.0 5.59 0.0018 495 
Jan-01 31 238 0.00 13.9 4.4 2.15 0.0018 495 
Feb-01 1 239 0.00 9.4 2.8 2.06 0.0026 668 
Feb-01 2 240 0.00 7.2 0.6 1.74 0.0026 668 
Feb-01 3 241 0.00 6.1 -4.4 1.56 0.0026 668 
Feb-01 4 242 0.00 7.8 1.1 1.25 0.0026 668 
Feb-01 5 243 0.00 8.9 0.6 1.43 0.0026 668 
Feb-01 6 244 0.00 10.6 5.0 2.86 0.0026 668 
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Feb-01 7 245 0.00 15.0 11.7 3.44 0.0026 668 
Feb-01 8 246 0.00 18.9 15.0 4.02 0.0026 668 
Feb-01 9 247 1.50 17.8 16.1 5.95 0.0026 668 
Feb-01 10 248 0.00 7.8 2.2 3.35 0.0026 668 
Feb-01 11 249 0.00 11.1 4.4 2.19 0.0026 668 
Feb-01 12 250 0.03 18.3 13.3 3.04 0.0026 668 
Feb-01 13 251 0.00 22.2 19.4 3.80 0.0026 668 
Feb-01 14 252 0.03 23.9 20.0 3.84 0.0026 668 
Feb-01 15 253 0.00 25.0 20.0 4.25 0.0026 668 
Feb-01 16 254 0.79 17.2 16.7 6.71 0.0026 668 
Feb-01 17 255 0.00 9.4 1.1 3.76 0.0026 668 
Feb-01 18 256 0.00 8.9 -1.1 2.24 0.0026 668 
Feb-01 19 257 0.00 11.7 7.2 3.00 0.0026 668 
Feb-01 20 258 0.00 17.2 13.3 2.37 0.0026 668 
Feb-01 21 259 0.00 20.0 16.1 1.30 0.0026 668 
Feb-01 22 260 0.00 15.6 13.9 2.59 0.0026 668 
Feb-01 23 261 0.00 13.3 9.4 3.93 0.0026 668 
Feb-01 24 262 0.00 21.7 19.4 6.44 0.0026 668 
Feb-01 25 263 0.33 21.1 16.1 2.95 0.0026 668 
Feb-01 26 264 0.84 18.9 15.6 3.62 0.0026 668 
Feb-01 27 265 0.00 22.2 17.8 3.40 0.0026 668 
Feb-01 28 266 1.14 19.4 17.2 1.97 0.0026 668 
Mar-01 1 267 0.00 17.8 17.2 2.59 0.0040 741 
Mar-01 2 268 1.78 20.0 18.3 2.01 0.0040 741 
Mar-01 3 269 4.37 17.2 16.7 4.02 0.0040 741 
Mar-01 4 270 0.00 15.0 6.1 5.14 0.0040 741 
Mar-01 5 271 0.00 11.7 1.7 2.55 0.0040 741 
Mar-01 6 272 0.00 10.6 1.1 1.97 0.0040 741 
Mar-01 7 273 0.00 11.1 1.7 1.48 0.0040 741 
Mar-01 8 274 0.03 13.9 6.7 2.46 0.0040 741 
Mar-01 9 275 1.96 11.1 8.9 3.26 0.0040 741 
Mar-01 10 276 0.00 10.6 1.7 2.10 0.0040 741 
Mar-01 11 277 0.00 13.9 12.8 4.65 0.0040 741 
Mar-01 12 278 2.54 18.9 17.2 2.73 0.0040 741 
Mar-01 13 279 0.00 17.2 8.3 1.48 0.0040 741 
Mar-01 14 280 2.95 15.0 10.6 3.22 0.0040 741 
Mar-01 15 281 0.00 18.3 11.1 3.31 0.0040 741 
Mar-01 16 282 0.00 13.9 5.0 3.26 0.0040 741 
Mar-01 17 283 0.13 11.1 5.0 2.50 0.0040 741 
Mar-01 18 284 0.00 12.2 4.4 2.28 0.0040 741 
Mar-01 19 285 0.00 13.3 4.4 3.08 0.0040 741 
Mar-01 20 286 0.00 11.7 4.4 3.67 0.0040 741 
Mar-01 21 287 0.00 12.2 3.3 2.32 0.0040 741 
Mar-01 22 288 0.00 13.3 5.6 1.52 0.0040 741 
Mar-01 23 289 0.00 15.6 10.0 1.83 0.0040 741 
Mar-01 24 290 0.18 16.1 13.3 1.48 0.0040 741 
Mar-01 25 291 0.46 12.8 4.4 3.13 0.0040 741 
Mar-01 26 292 0.00 9.4 -0.6 2.41 0.0040 741 
Mar-01 27 293 0.13 10.0 1.7 3.84 0.0040 741 
Mar-01 28 294 3.66 10.0 9.4 5.10 0.0040 741 
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Mar-01 29 295 0.48 15.6 12.8 2.41 0.0040 741 
Mar-01 30 296 0.03 15.0 11.1 2.55 0.0040 741 
Mar-01 31 297 0.00 16.1 10.6 2.24 0.0040 741 
Apr-01 1 298 0.00 16.1 9.4 1.97 0.0057 882 
Apr-01 2 299 0.00 18.9 16.7 4.47 0.0057 882 
Apr-01 3 300 0.00 25.0 21.1 4.83 0.0057 882 
Apr-01 4 301 0.00 25.6 21.1 4.20 0.0057 882 
Apr-01 5 302 0.00 25.6 20.0 3.49 0.0057 882 
Apr-01 6 303 0.00 22.8 18.9 4.34 0.0057 882 
Apr-01 7 304 0.00 25.0 20.6 4.47 0.0057 882 
Apr-01 8 305 0.00 25.0 21.1 4.60 0.0057 882 
Apr-01 9 306 0.00 25.6 21.1 4.07 0.0057 882 
Apr-01 10 307 0.00 26.1 21.1 4.38 0.0057 882 
Apr-01 11 308 0.00 25.6 20.6 5.54 0.0057 882 
Apr-01 12 309 0.00 25.6 21.7 4.78 0.0057 882 
Apr-01 13 310 0.00 26.7 22.8 3.31 0.0057 882 
Apr-01 14 311 0.00 26.7 21.1 3.93 0.0057 882 
Apr-01 15 312 0.03 24.4 20.6 4.11 0.0057 882 
Apr-01 16 313 0.00 21.7 17.2 1.88 0.0057 882 
Apr-01 17 314 0.00 14.4 5.0 3.67 0.0057 882 
Apr-01 18 315 0.00 11.7 2.8 1.97 0.0057 882 
Apr-01 19 316 0.00 14.4 7.8 3.00 0.0057 882 
Apr-01 20 317 0.00 19.4 14.4 4.16 0.0057 882 
Apr-01 21 318 0.00 22.8 18.9 4.56 0.0057 882 
Apr-01 22 319 0.00 22.8 17.8 4.56 0.0057 882 
Apr-01 23 320 0.00 23.9 20.0 3.04 0.0057 882 
Apr-01 24 321 1.37 16.7 16.1 1.88 0.0057 882 
Apr-01 25 322 0.00 16.7 8.3 2.28 0.0057 882 
Apr-01 26 323 0.00 17.2 10.0 1.97 0.0057 882 
Apr-01 27 324 0.00 19.4 12.2 1.61 0.0057 882 
Apr-01 28 325 0.00 19.4 12.2 2.15 0.0057 882 
Apr-01 29 326 0.00 20.0 11.7 3.08 0.0057 882 
Apr-01 30 327 0.00 20.6 15.6 4.11 0.0057 882 
May-01 1 328 0.00 21.7 15.6 3.40 0.0068 921 
May-01 2 329 0.00 21.1 17.2 2.86 0.0068 921 
May-01 3 330 0.00 22.8 17.8 3.53 0.0068 921 
May-01 4 331 0.00 22.8 17.2 3.89 0.0068 921 
May-01 5 332 0.00 22.8 17.2 3.22 0.0068 921 
May-01 6 333 0.00 23.9 17.8 3.17 0.0068 921 
May-01 7 334 0.00 22.8 17.2 2.59 0.0068 921 
May-01 8 335 0.38 21.7 18.9 2.28 0.0068 921 
May-01 9 336 0.25 22.2 17.8 1.97 0.0068 921 
May-01 10 337 0.00 22.2 16.7 2.50 0.0068 921 
May-01 11 338 0.00 22.2 18.3 2.01 0.0068 921 
May-01 12 339 0.69 22.2 17.8 0.98 0.0068 921 
May-01 13 340 0.00 22.2 17.2 1.39 0.0068 921 
May-01 14 341 0.00 22.2 15.0 1.61 0.0068 921 
May-01 15 342 0.00 24.4 18.3 3.17 0.0068 921 
May-01 16 343 0.00 23.3 17.8 3.22 0.0068 921 
May-01 17 344 0.00 23.9 18.3 3.44 0.0068 921 
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May-01 18 345 0.00 25.0 20.6 3.62 0.0068 921 
May-01 19 346 0.00 26.7 22.2 3.84 0.0068 921 
May-01 20 347 0.00 27.8 22.2 5.14 0.0068 921 
May-01 21 348 0.00 26.7 21.1 6.08 0.0068 921 
May-01 22 349 0.00 18.9 12.2 3.17 0.0068 921 
May-01 23 350 0.00 19.4 11.7 3.08 0.0068 921 
May-01 24 351 0.00 25.6 18.3 4.96 0.0068 921 
May-01 25 352 0.00 22.2 13.9 2.37 0.0068 921 
May-01 26 353 0.38 22.2 17.2 1.39 0.0068 921 
May-01 27 354 0.00 25.0 20.0 3.22 0.0068 921 
May-01 28 355 0.00 27.2 22.2 6.03 0.0068 921 
May-01 29 356 0.00 27.2 22.2 2.10 0.0068 921 
May-01 30 357 0.00 28.3 22.2 4.16 0.0068 921 
May-01 31 358 0.41 25.0 22.2 2.59 0.0068 921 
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City Park Lake Phosphorus Model 
StellaT M Program Listing 
Developed by J. Ruley 
 
V1(t) = V1(t - dt) + (Qin + Qdirect - QDailyEvap - Qout) * dt 
 
INIT V1 = 276000 
 
DOCUMENT:  m^3 
 
Qin = c*Aws*i*InfluentFlowVariation 
DOCUMENT:  m^3/d 
 
Qdirect = i*A1 
DOCUMENT:  m^3/d 
 
QDailyEvap = PanCoef*Qevap*A1 
DOCUMENT:  m^3/d 
 
Qout = IF(H>1.2)THEN(3600*24*3.3*12*(0.02)^1.5)ELSE(0) 
DOCUMENT:  m^3/d 
 
A1 = 230000 
DOCUMENT:  m^2 
 
Aws = 1692000 
DOCUMENT:  m^2 
 
c = 0.58 
H = V1/A1 
InfluentFlowVariation = 1 
PanCoef = 0.76 
i = GRAPH(TIME) 
(0.00, 0.00), (1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 
0.00102), (8.00, 0.000762), (9.00, 0.00203), (10.0, 0.00), (11.0, 0.0485), (12.0, 0.00356), (13.0, 
0.00965), (14.0, 0.00889), (15.0, 0.00), (16.0, 0.00), (17.0, 0.0117), (18.0, 0.00152), (19.0, 0.000762), 
(20.0, 0.00), (21.0, 0.00), (22.0, 0.00127), (23.0, 0.0259), (24.0, 0.00203), (25.0, 0.00), (26.0, 
0.000508), (27.0, 0.00), (28.0, 0.00), (29.0, 0.00), (30.0, 0.00), (31.0, 0.00), (32.0, 0.0584), (33.0, 
0.00), (34.0, 0.00), (35.0, 0.00), (36.0, 0.00), (37.0, 0.00), (38.0, 0.00), (39.0, 0.00), (40.0, 0.00), (41.0, 
0.000254), (42.0, 0.00), (43.0, 0.00), (44.0, 0.000254), (45.0, 0.00), (46.0, 0.0226), (47.0, 0.00), (48.0, 
0.00), (49.0, 0.00), (50.0, 0.00), (51.0, 0.00), (52.0, 0.000762), (53.0, 0.00686), (54.0, 0.00), (55.0, 
0.00), (56.0, 0.00), (57.0, 0.00), (58.0, 0.00), (59.0, 0.00), (60.0, 0.00), (61.0, 0.00), (62.0, 0.00), (63.0, 
0.00), (64.0, 0.0262), (65.0, 0.0107), (66.0, 0.00), (67.0, 0.00), (68.0, 0.00), (69.0, 0.000254), (70.0, 
0.00), (71.0, 0.00), (72.0, 0.00), (73.0, 0.00), (74.0, 0.00), (75.0, 0.00), (76.0, 0.00686), (77.0, 0.0117), 
(78.0, 0.0112), (79.0, 0.00), (80.0, 0.00), (81.0, 0.00), (82.0, 0.00), (83.0, 0.00), (84.0, 0.00127), (85.0, 
0.00), (86.0, 0.00), (87.0, 0.00), (88.0, 0.00), (89.0, 0.00), (90.0, 0.00), (91.0, 0.00), (92.0, 0.00), (93.0, 
0.0351), (94.0, 0.0137), (95.0, 0.00229), (96.0, 0.000254), (97.0, 0.00508), (98.0, 0.0152), (99.0, 0.00), 
(100, 0.00), (101, 0.00), (102, 0.00), (103, 0.00), (104, 0.00), (105, 0.00), (106, 0.00559), (107, 0.00), 
(108, 0.00), (109, 0.00), (110, 0.00), (111, 0.00), (112, 0.00), (113, 0.00), (114, 0.00), (115, 0.00), 
(116, 0.00), (117, 0.00), (118, 0.00), (119, 0.00), (120, 0.00737), (121, 0.0191), (122, 0.00), (123, 
0.00), (124, 0.00), (125, 0.00), (126, 0.00), (127, 0.00), (128, 0.00), (129, 0.00), (130, 0.00), (131, 
0.000762), (132, 0.00), (133, 0.00), (134, 0.00), (135, 0.00), (136, 0.00), (137, 0.00), (138, 0.00), (139, 
0.00), (140, 0.00), (141, 0.00), (142, 0.00), (143, 0.00), (144, 0.00), (145, 0.00), (146, 0.00), (147, 
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0.00), (148, 0.00), (149, 0.00), (150, 0.00457), (151, 0.00102), (152, 0.0239), (153, 0.00305), (154, 
0.078), (155, 0.000762), (156, 0.00), (157, 0.00), (158, 0.00), (159, 0.0061), (160, 0.00), (161, 0.00), 
(162, 0.0272), (163, 0.0094), (164, 0.0871), (165, 0.0127), (166, 0.00), (167, 0.00), (168, 0.00), (169, 
0.000762), (170, 0.0155), (171, 0.00), (172, 0.00), (173, 0.00), (174, 0.00), (175, 0.00203), (176, 0.00), 
(177, 0.0208), (178, 0.00), (179, 0.00), (180, 0.00), (181, 0.00), (182, 0.00432), (183, 0.00), (184, 
0.00), (185, 0.00), (186, 0.00), (187, 0.00), (188, 0.00), (189, 0.0163), (190, 0.00), (191, 0.00), (192, 
0.000254), (193, 0.00), (194, 0.00432), (195, 0.00), (196, 0.00), (197, 0.00991), (198, 0.00), (199, 
0.00), (200, 0.00), (201, 0.000254), (202, 0.00), (203, 0.0132), (204, 0.00), (205, 0.00), (206, 0.00), 
(207, 0.00), (208, 0.00), (209, 0.00), (210, 0.00), (211, 0.00), (212, 0.00), (213, 0.00), (214, 0.00406), 
(215, 0.00), (216, 0.00), (217, 0.00), (218, 0.00432), (219, 0.00), (220, 0.00), (221, 0.00), (222, 
0.00533), (223, 0.00), (224, 0.00), (225, 0.00965), (226, 0.0206), (227, 0.00), (228, 0.00), (229, 0.00), 
(230, 0.00), (231, 0.00), (232, 0.00), (233, 0.00), (234, 0.00), (235, 0.00), (236, 0.029), (237, 0.00), 
(238, 0.00), (239, 0.00), (240, 0.00), (241, 0.00), (242, 0.00), (243, 0.00), (244, 0.00), (245, 0.00), 
(246, 0.00), (247, 0.015), (248, 0.00), (249, 0.00), (250, 0.000254), (251, 0.00), (252, 0.000254), (253, 
0.00), (254, 0.00787), (255, 0.00), (256, 0.00), (257, 0.00), (258, 0.00), (259, 0.00), (260, 0.00), (261, 
0.00), (262, 0.00), (263, 0.0033), (264, 0.00838), (265, 0.00), (266, 0.0114), (267, 0.00), (268, 0.0178), 
(269, 0.0437), (270, 0.00), (271, 0.00), (272, 0.00), (273, 0.00), (274, 0.000254), (275, 0.0196), (276, 
0.00), (277, 0.00), (278, 0.0254), (279, 0.00), (280, 0.0295), (281, 0.00), (282, 0.00), (283, 0.00127), 
(284, 0.00), (285, 0.00), (286, 0.00), (287, 0.00), (288, 0.00), (289, 0.00), (290, 0.00178), (291, 
0.00457), (292, 0.00), (293, 0.00127), (294, 0.0366), (295, 0.0579), (296, 0.000254), (297, 0.00), (298, 
0.00), (299, 0.00), (300, 0.00), (301, 0.00), (302, 0.00), (303, 0.00), (304, 0.00), (305, 0.00), (306, 
0.00), (307, 0.00), (308, 0.00), (309, 0.00), (310, 0.00), (311, 0.00), (312, 0.000254), (313, 0.00), (314, 
0.00), (315, 0.00), (316, 0.00), (317, 0.00), (318, 0.00), (319, 0.00), (320, 0.00), (321, 0.0137), (322, 
0.00), (323, 0.00), (324, 0.00), (325, 0.00), (326, 0.00), (327, 0.00), (328, 0.00), (329, 0.00), (330, 
0.00), (331, 0.00), (332, 0.00), (333, 0.00), (334, 0.00), (335, 0.00381), (336, 0.00254), (337, 0.00), 
(338, 0.00), (339, 0.00686), (340, 0.00), (341, 0.00), (342, 0.00), (343, 0.00), (344, 0.00), (345, 0.00), 
(346, 0.00), (347, 0.00), (348, 0.00), (349, 0.00), (350, 0.00), (351, 0.00), (352, 0.00), (353, 0.00381), 
(354, 0.00), (355, 0.00), (356, 0.00), (357, 0.00), (358, 0.00406) 
DOCUMENT:  m 
 
Qevap = GRAPH(time 
) 
(0.00, 0.00572), (1.00, 0.00572), (2.00, 0.00572), (3.00, 0.00572), (4.00, 0.00572), (5.00, 0.00572), 
(6.00, 0.00572), (7.00, 0.00572), (8.00, 0.00572), (9.00, 0.00572), (10.0, 0.00572), (11.0, 0.00572), 
(12.0, 0.00572), (13.0, 0.00572), (14.0, 0.00572), (15.0, 0.00572), (16.0, 0.00572), (17.0, 0.00572), 
(18.0, 0.00572), (19.0, 0.00572), (20.0, 0.00572), (21.0, 0.00572), (22.0, 0.00572), (23.0, 0.00572), 
(24.0, 0.00639), (25.0, 0.00639), (26.0, 0.00639), (27.0, 0.00639), (28.0, 0.00639), (29.0, 0.00639), 
(30.0, 0.00639), (31.0, 0.00639), (32.0, 0.00639), (33.0, 0.00639), (34.0, 0.00639), (35.0, 0.00639), 
(36.0, 0.00639), (37.0, 0.00639), (38.0, 0.00639), (39.0, 0.00639), (40.0, 0.00639), (41.0, 0.00639), 
(42.0, 0.00639), (43.0, 0.00639), (44.0, 0.00639), (45.0, 0.00639), (46.0, 0.00639), (47.0, 0.00639), 
(48.0, 0.00639), (49.0, 0.00639), (50.0, 0.00639), (51.0, 0.00639), (52.0, 0.00639), (53.0, 0.00639), 
(54.0, 0.00639), (55.0, 0.00601), (56.0, 0.00601), (57.0, 0.00601), (58.0, 0.00601), (59.0, 0.00601), 
(60.0, 0.00601), (61.0, 0.00601), (62.0, 0.00601), (63.0, 0.00601), (64.0, 0.00601), (65.0, 0.00601), 
(66.0, 0.00601), (67.0, 0.00601), (68.0, 0.00601), (69.0, 0.00601), (70.0, 0.00601), (71.0, 0.00601), 
(72.0, 0.00601), (73.0, 0.00601), (74.0, 0.00601), (75.0, 0.00601), (76.0, 0.00601), (77.0, 0.00601), 
(78.0, 0.00601), (79.0, 0.00601), (80.0, 0.00601), (81.0, 0.00601), (82.0, 0.00601), (83.0, 0.00601), 
(84.0, 0.00601), (85.0, 0.00601), (86.0, 0.00522), (87.0, 0.00522), (88.0, 0.00522), (89.0, 0.00522), 
(90.0, 0.00522), (91.0, 0.00522), (92.0, 0.00522), (93.0, 0.00522), (94.0, 0.00522), (95.0, 0.00522), 
(96.0, 0.00522), (97.0, 0.00522), (98.0, 0.00522), (99.0, 0.00522), (100, 0.00522), (101, 0.00522), 
(102, 0.00522), (103, 0.00522), (104, 0.00522), (105, 0.00522), (106, 0.00522), (107, 0.00522), (108, 
0.00522), (109, 0.00522), (110, 0.00522), (111, 0.00522), (112, 0.00522), (113, 0.00522), (114, 
0.00522), (115, 0.00522), (116, 0.00414), (117, 0.00414), (118, 0.00414), (119, 0.00414), (120, 
0.00414), (121, 0.00414), (122, 0.00414), (123, 0.00414), (124, 0.00414), (125, 0.00414), (126, 
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0.00414), (127, 0.00414), (128, 0.00414), (129, 0.00414), (130, 0.00414), (131, 0.00414), (132, 
0.00414), (133, 0.00414), (134, 0.00414), (135, 0.00414), (136, 0.00414), (137, 0.00414), (138, 
0.00414), (139, 0.00414), (140, 0.00414), (141, 0.00414), (142, 0.00414), (143, 0.00414), (144, 
0.00414), (145, 0.00414), (146, 0.00414), (147, 0.002), (148, 0.002), (149, 0.002), (150, 0.002), (151, 
0.002), (152, 0.002), (153, 0.002), (154, 0.002), (155, 0.002), (156, 0.002), (157, 0.002), (158, 0.002), 
(159, 0.002), (160, 0.002), (161, 0.002), (162, 0.002), (163, 0.002), (164, 0.002), (165, 0.002), (166, 
0.002), (167, 0.002), (168, 0.002), (169, 0.002), (170, 0.002), (171, 0.002), (172, 0.002), (173, 0.002), 
(174, 0.002), (175, 0.002), (176, 0.002), (177, 0.00206), (178, 0.00206), (179, 0.00206), (180, 
0.00206), (181, 0.00206), (182, 0.00206), (183, 0.00206), (184, 0.00206), (185, 0.00206), (186, 
0.00206), (187, 0.00206), (188, 0.00206), (189, 0.00206), (190, 0.00206), (191, 0.00206), (192, 
0.00206), (193, 0.00206), (194, 0.00206), (195, 0.00206), (196, 0.00206), (197, 0.00206), (198, 
0.00206), (199, 0.00206), (200, 0.00206), (201, 0.00206), (202, 0.00206), (203, 0.00206), (204, 
0.00206), (205, 0.00206), (206, 0.00206), (207, 0.00206), (208, 0.0018), (209, 0.0018), (210, 0.0018), 
(211, 0.0018), (212, 0.0018), (213, 0.0018), (214, 0.0018), (215, 0.0018), (216, 0.0018), (217, 0.0018), 
(218, 0.0018), (219, 0.0018), (220, 0.0018), (221, 0.0018), (222, 0.0018), (223, 0.0018), (224, 0.0018), 
(225, 0.0018), (226, 0.0018), (227, 0.0018), (228, 0.0018), (229, 0.0018), (230, 0.0018), (231, 0.0018), 
(232, 0.0018), (233, 0.0018), (234, 0.0018), (235, 0.0018), (236, 0.0018), (237, 0.0018), (238, 0.0018), 
(239, 0.00265), (240, 0.00265), (241, 0.00265), (242, 0.00265), (243, 0.00265), (244, 0.00265), (245, 
0.00265), (246, 0.00265), (247, 0.00265), (248, 0.00265), (249, 0.00265), (250, 0.00265), (251, 
0.00265), (252, 0.00265), (253, 0.00265), (254, 0.00265), (255, 0.00265), (256, 0.00265), (257, 
0.00265), (258, 0.00265), (259, 0.00265), (260, 0.00265), (261, 0.00265), (262, 0.00265), (263, 
0.00265), (264, 0.00265), (265, 0.00265), (266, 0.00265), (267, 0.00405), (268, 0.00405), (269, 
0.00405), (270, 0.00405), (271, 0.00405), (272, 0.00405), (273, 0.00405), (274, 0.00405), (275, 
0.00405), (276, 0.00405), (277, 0.00405), (278, 0.00405), (279, 0.00405), (280, 0.00405), (281, 
0.00405), (282, 0.00405), (283, 0.00405), (284, 0.00405), (285, 0.00405), (286, 0.00405), (287, 
0.00405), (288, 0.00405), (289, 0.00405), (290, 0.00405), (291, 0.00405), (292, 0.00405), (293, 
0.00405), (294, 0.00405), (295, 0.00405), (296, 0.00405), (297, 0.00405), (298, 0.00573), (299, 
0.00573), (300, 0.00573), (301, 0.00573), (302, 0.00573), (303, 0.00573), (304, 0.00573), (305, 
0.00573), (306, 0.00573), (307, 0.00573), (308, 0.00573), (309, 0.00573), (310, 0.00573), (311, 
0.00573), (312, 0.00573), (313, 0.00573), (314, 0.00573), (315, 0.00573), (316, 0.00573), (317, 
0.00573), (318, 0.00573), (319, 0.00573), (320, 0.00573), (321, 0.00573), (322, 0.00573), (323, 
0.00573), (324, 0.00573), (325, 0.00573), (326, 0.00573), (327, 0.00573), (328, 0.00679), (329, 
0.00679), (330, 0.00679), (331, 0.00679), (332, 0.00679), (333, 0.00679), (334, 0.00679), (335, 
0.00679), (336, 0.00679), (337, 0.00679), (338, 0.00679), (339, 0.00679), (340, 0.00679), (341, 
0.00679), (342, 0.00679), (343, 0.00679), (344, 0.00679), (345, 0.00679), (346, 0.00679), (347, 
0.00679), (348, 0.00679), (349, 0.00679), (350, 0.00679), (351, 0.00679), (352, 0.00679), (353, 
0.00679), (354, 0.00679), (355, 0.00679), (356, 0.00679), (357, 0.00679), (358, 0.00679) 
DOCUMENT:  m/d 
 
T1(t) = T1(t - dt) + (Tin + SolarRadiation + AtmRadiation - Tout - H2ORadiation - Evaporation - 
Conduction) * dt 
 
INIT T1 = 26.4 
 
DOCUMENT:  Deg. C 
 
Tin = (Qdirect+Qin)*T_air/V1 
DOCUMENT:  Deg. C 
 
SolarRadiation = Jsn*4.1868*10000/(H20Density*Cp*H) 
DOCUMENT:  Deg. C 
 
AtmRadiation = (StephBotz*((T_air+273)^4)*(ALR+0.031*SQRT(e_air))*(1-RL))/(H20Density*Cp*H) 
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DOCUMENT:  Deg. C 
 
Tout = T1*Qout/V1 
DOCUMENT:  Deg. C 
 
H2ORadiation = (0.97*StephBotz*((T1+273)^4))/(H20Density*Cp*H) 
DOCUMENT:  Deg. C 
 
Evaporation = ((19+0.95*(Uw)^2)*(e_sat-e_air)*3600*24)/(H20Density*Cp*H) 
DOCUMENT:  Deg. C 
 
Conduction = (0.47*(19+0.95*(Uw)^2)*(T1-T_air)*3600*24)/(H20Density*Cp*H) 
DOCUMENT:  Deg. C 
 
e_air = 4.596*exp((17.27*Tdp)/(237.3+Tdp)) 
DOCUMENT:  mm Hg 
 
e_sat = 4.596*exp((17.27*T1)/(237.3+T1)) 
DOCUMENT:  mm Hg 
 
Jsn = GRAPH(time) 
(0.00, 975), (1.00, 975), (2.00, 975), (3.00, 975), (4.00, 975), (5.00, 975), (6.00, 975), (7.00, 975), 
(8.00, 975), (9.00, 975), (10.0, 975), (11.0, 975), (12.0, 975), (13.0, 975), (14.0, 975), (15.0, 975), 
(16.0, 975), (17.0, 975), (18.0, 975), (19.0, 975), (20.0, 975), (21.0, 975), (22.0, 975), (23.0, 975), 
(24.0, 926), (25.0, 926), (26.0, 926), (27.0, 926), (28.0, 926), (29.0, 926), (30.0, 926), (31.0, 926), 
(32.0, 926), (33.0, 926), (34.0, 926), (35.0, 926), (36.0, 926), (37.0, 926), (38.0, 926), (39.0, 926), 
(40.0, 926), (41.0, 926), (42.0, 926), (43.0, 926), (44.0, 926), (45.0, 926), (46.0, 926), (47.0, 926), 
(48.0, 926), (49.0, 926), (50.0, 926), (51.0, 926), (52.0, 926), (53.0, 926), (54.0, 926), (55.0, 865), 
(56.0, 865), (57.0, 865), (58.0, 865), (59.0, 865), (60.0, 865), (61.0, 865), (62.0, 865), (63.0, 865), 
(64.0, 865), (65.0, 865), (66.0, 865), (67.0, 865), (68.0, 865), (69.0, 865), (70.0, 865), (71.0, 865), 
(72.0, 865), (73.0, 865), (74.0, 865), (75.0, 865), (76.0, 865), (77.0, 865), (78.0, 865), (79.0, 865), 
(80.0, 865), (81.0, 865), (82.0, 865), (83.0, 865), (84.0, 865), (85.0, 865), (86.0, 788), (87.0, 788), 
(88.0, 788), (89.0, 788), (90.0, 788), (91.0, 788), (92.0, 788), (93.0, 788), (94.0, 788), (95.0, 788), 
(96.0, 788), (97.0, 788), (98.0, 788), (99.0, 788), (100, 788), (101, 788), (102, 788), (103, 788), (104, 
788), (105, 788), (106, 788), (107, 788), (108, 788), (109, 788), (110, 788), (111, 788), (112, 788), 
(113, 788), (114, 788), (115, 788), (116, 634), (117, 634), (118, 634), (119, 634), (120, 634), (121, 
634), (122, 634), (123, 634), (124, 634), (125, 634), (126, 634), (127, 634), (128, 634), (129, 634), 
(130, 634), (131, 634), (132, 634), (133, 634), (134, 634), (135, 634), (136, 634), (137, 634), (138, 
634), (139, 634), (140, 634), (141, 634), (142, 634), (143, 634), (144, 634), (145, 634), (146, 634), 
(147, 532), (148, 532), (149, 532), (150, 532), (151, 532), (152, 532), (153, 532), (154, 532), (155, 
532), (156, 532), (157, 532), (158, 532), (159, 532), (160, 532), (161, 532), (162, 532), (163, 532), 
(164, 532), (165, 532), (166, 532), (167, 532), (168, 532), (169, 532), (170, 532), (171, 532), (172, 
532), (173, 532), (174, 532), (175, 532), (176, 532), (177, 459), (178, 459), (179, 459), (180, 459), 
(181, 459), (182, 459), (183, 459), (184, 459), (185, 459), (186, 459), (187, 459), (188, 459), (189, 
459), (190, 459), (191, 459), (192, 459), (193, 459), (194, 459), (195, 459), (196, 459), (197, 459), 
(198, 459), (199, 459), (200, 459), (201, 459), (202, 459), (203, 459), (204, 459), (205, 459), (206, 
459), (207, 459), (208, 495), (209, 495), (210, 495), (211, 495), (212, 495), (213, 495), (214, 495), 
(215, 495), (216, 495), (217, 495), (218, 495), (219, 495), (220, 495), (221, 495), (222, 495), (223, 
495), (224, 495), (225, 495), (226, 495), (227, 495), (228, 495), (229, 495), (230, 495), (231, 495), 
(232, 495), (233, 495), (234, 495), (235, 495), (236, 495), (237, 495), (238, 495), (239, 668), (240, 
668), (241, 668), (242, 668), (243, 668), (244, 668), (245, 668), (246, 668), (247, 668), (248, 668), 
(249, 668), (250, 668), (251, 668), (252, 668), (253, 668), (254, 668), (255, 668), (256, 668), (257, 
668), (258, 668), (259, 668), (260, 668), (261, 668), (262, 668), (263, 668), (264, 668), (265, 668), 
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(266, 668), (267, 741), (268, 741), (269, 741), (270, 741), (271, 741), (272, 741), (273, 741), (274, 
741), (275, 741), (276, 741), (277, 741), (278, 741), (279, 741), (280, 741), (281, 741), (282, 741), 
(283, 741), (284, 741), (285, 741), (286, 741), (287, 741), (288, 741), (289, 741), (290, 741), (291, 
741), (292, 741), (293, 741), (294, 741), (295, 741), (296, 741), (297, 741), (298, 882), (299, 882), 
(300, 882), (301, 882), (302, 882), (303, 882), (304, 882), (305, 882), (306, 882), (307, 882), (308, 
882), (309, 882), (310, 882), (311, 882), (312, 882), (313, 882), (314, 882), (315, 882), (316, 882), 
(317, 882), (318, 882), (319, 882), (320, 882), (321, 882), (322, 882), (323, 882), (324, 882), (325, 
882), (326, 882), (327, 882), (328, 921), (329, 921), (330, 921), (331, 921), (332, 921), (333, 921), 
(334, 921), (335, 921), (336, 921), (337, 921), (338, 921), (339, 921), (340, 921), (341, 921), (342, 
921), (343, 921), (344, 921), (345, 921), (346, 921), (347, 921), (348, 921), (349, 921), (350, 921), 
(351, 921), (352, 921), (353, 921), (354, 921), (355, 921), (356, 921), (357, 921), (358, 921) 
DOCUMENT:  cal cm -̂2 d^-1 
 
MTPLake(t) = MTPLake(t - dt) + (Pin + AtmosphTP + Release - PSettling - POutflow - P_removal) * dt 
 
INIT MTPLake = 96876 
 
DOCUMENT:  g 
 
Pin = Qin*PEventConcSensitivity*PEventConc*(100-MgmtReduction%)/100 
DOCUMENT:  g/d 
 
AtmosphTP = ka*A1 
DOCUMENT:  g/d 
 
Release = kr*(100-ReleaseReduction%)/100 
DOCUMENT:  g/d 
 
PSettling = ks*A2*P1 
DOCUMENT:  g/d 
 
POutflow = Qout*P1 
DOCUMENT:  g/d 
 
P_removal = AlgaePRem 
MTPSediments(t) = MTPSediments(t - dt) + (PSettling - Release - Burial) * dt 
 
INIT MTPSediments = 11440085 
 
DOCUMENT:  g 
 
PSettling = ks*A2*P1 
DOCUMENT:  g/d 
 
Release = kr*(100-ReleaseReduction%)/100 
DOCUMENT:  g/d 
 
Burial = kb*PSettling 
DOCUMENT:  g/d 
 
AlgaeCoverage% = 0 
DOCUMENT:  % of lake surface covered by algae 
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AlgaePRem = A1*AlgalPdensity*(AlgaeCoverage%/100)*Harvestsperyear 
DOCUMENT:  g/d 
 
AlgalPdensity = 0.439 







ka = 0.000137 
DOCUMENT:  g/d 
 
kr = A2*krsensitivity*(C1*0.0076*T1^(C2*2.33)/1000) 
DOCUMENT:  g/d 
 
krsensitivity = 1 
ks = 0.055*kssensitivity 
DOCUMENT:  d^-1 
 
kssensitivity = 1 
MgmtReduction% = 0 
P1 = (MTPLake)/(V1) 
DOCUMENT:  g/m^3 
 
P2 = (MTPSediments*1000000)/(1223241.6*V2) 
DOCUMENT:  ug/g 
 
PEventConcSensitivity = 1 
ReleaseReduction% = 0 
SedDepth = 0.1 
DOCUMENT:  m 
 
V2 = SedDepth*A2 
DOCUMENT:  m^3 
 
DO = GRAPH(time) 
(0.00, 5.46), (1.00, 4.88), (2.00, 4.30), (3.00, 3.73), (4.00, 3.15), (5.00, 2.57), (6.00, 2.00), (7.00, 2.26), 
(8.00, 2.53), (9.00, 2.80), (10.0, 3.06), (11.0, 3.33), (12.0, 3.60), (13.0, 3.87), (14.0, 3.61), (15.0, 3.36), 
(16.0, 3.10), (17.0, 2.85), (18.0, 2.59), (19.0, 2.34), (20.0, 2.08), (21.0, 2.08), (22.0, 2.08), (23.0, 2.08), 
(24.0, 2.08), (25.0, 2.08), (26.0, 2.08), (27.0, 2.09), (28.0, 2.09), (29.0, 2.09), (30.0, 2.09), (31.0, 2.09), 
(32.0, 2.09), (33.0, 2.09), (34.0, 2.15), (35.0, 2.21), (36.0, 2.28), (37.0, 2.34), (38.0, 2.40), (39.0, 2.46), 
(40.0, 2.53), (41.0, 2.59), (42.0, 2.65), (43.0, 2.71), (44.0, 2.77), (45.0, 2.84), (46.0, 2.90), (47.0, 2.96), 
(48.0, 3.02), (49.0, 3.09), (50.0, 3.15), (51.0, 3.21), (52.0, 3.29), (53.0, 3.38), (54.0, 3.46), (55.0, 3.54), 
(56.0, 3.63), (57.0, 3.71), (58.0, 3.55), (59.0, 3.38), (60.0, 3.22), (61.0, 3.05), (62.0, 2.89), (63.0, 2.72), 
(64.0, 2.56), (65.0, 2.65), (66.0, 2.75), (67.0, 2.84), (68.0, 2.93), (69.0, 3.02), (70.0, 3.12), (71.0, 3.21), 
(72.0, 3.12), (73.0, 3.03), (74.0, 2.94), (75.0, 2.85), (76.0, 2.76), (77.0, 2.67), (78.0, 2.58), (79.0, 2.49), 
(80.0, 2.40), (81.0, 2.31), (82.0, 2.22), (83.0, 2.13), (84.0, 2.04), (85.0, 1.95), (86.0, 1.86), (87.0, 1.77), 
(88.0, 1.68), (89.0, 1.59), (90.0, 1.50), (91.0, 1.41), (92.0, 1.32), (93.0, 1.47), (94.0, 1.62), (95.0, 1.77), 
(96.0, 1.92), (97.0, 2.07), (98.0, 2.22), (99.0, 2.38), (100, 2.53), (101, 2.68), (102, 2.83), (103, 2.98), 
(104, 3.13), (105, 3.28), (106, 3.44), (107, 3.61), (108, 3.78), (109, 3.95), (110, 4.12), (111, 4.29), 
(112, 4.47), (113, 4.64), (114, 4.81), (115, 4.98), (116, 5.15), (117, 5.32), (118, 5.50), (119, 5.67), 
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(120, 5.84), (121, 6.01), (122, 6.18), (123, 6.35), (124, 6.53), (125, 6.70), (126, 6.87), (127, 7.04), 
(128, 6.76), (129, 6.49), (130, 6.21), (131, 5.94), (132, 5.66), (133, 5.39), (134, 5.11), (135, 4.83), 
(136, 4.56), (137, 4.28), (138, 4.01), (139, 3.73), (140, 3.46), (141, 3.18), (142, 3.33), (143, 3.47), 
(144, 3.62), (145, 3.77), (146, 3.91), (147, 4.06), (148, 4.21), (149, 4.35), (150, 4.50), (151, 4.65), 
(152, 4.79), (153, 4.94), (154, 5.09), (155, 5.24), (156, 5.31), (157, 5.38), (158, 5.46), (159, 5.53), 
(160, 5.61), (161, 5.68), (162, 5.75), (163, 5.83), (164, 5.90), (165, 5.98), (166, 6.05), (167, 6.12), 
(168, 6.20), (169, 6.27), (170, 6.35), (171, 6.42), (172, 6.49), (173, 6.57), (174, 6.64), (175, 6.72), 
(176, 6.79), (177, 6.87), (178, 6.94), (179, 7.01), (180, 7.09), (181, 7.16), (182, 7.24), (183, 7.31), 
(184, 7.32), (185, 7.33), (186, 7.34), (187, 7.34), (188, 7.35), (189, 7.36), (190, 7.37), (191, 7.38), 
(192, 7.39), (193, 7.39), (194, 7.40), (195, 7.41), (196, 7.42), (197, 7.43), (198, 7.44), (199, 7.45), 
(200, 7.45), (201, 7.46), (202, 7.47), (203, 7.48), (204, 7.49), (205, 7.50), (206, 7.51), (207, 7.51), 
(208, 7.52), (209, 7.53), (210, 7.54), (211, 7.55), (212, 7.56), (213, 7.56), (214, 7.57), (215, 7.58), 
(216, 7.59), (217, 7.60), (218, 7.61), (219, 7.62), (220, 7.62), (221, 7.63), (222, 7.64), (223, 7.65), 
(224, 7.66), (225, 7.67), (226, 7.67), (227, 7.68), (228, 7.69), (229, 7.79), (230, 7.64), (231, 7.50), 
(232, 7.36), (233, 7.22), (234, 7.08), (235, 6.94), (236, 6.80), (237, 6.66), (238, 6.52), (239, 6.38), 
(240, 6.24), (241, 6.10), (242, 5.96), (243, 5.82), (244, 5.68), (245, 5.54), (246, 5.40), (247, 5.26), 
(248, 5.24), (249, 5.23), (250, 5.21), (251, 5.19), (252, 5.17), (253, 5.16), (254, 5.14), (255, 5.12), 
(256, 5.11), (257, 5.09), (258, 5.07), (259, 5.05), (260, 5.04), (261, 5.02), (262, 5.00), (263, 4.99), 
(264, 4.97), (265, 4.95), (266, 4.94), (267, 4.92), (268, 4.90), (269, 4.88), (270, 4.87), (271, 4.85), 
(272, 4.94), (273, 5.02), (274, 5.11), (275, 5.19), (276, 5.28), (277, 5.36), (278, 5.45), (279, 5.53), 
(280, 5.62), (281, 5.70), (282, 5.79), (283, 5.87), (284, 5.96), (285, 6.05), (286, 6.04), (287, 6.03), 
(288, 6.03), (289, 6.02), (290, 6.02), (291, 6.01), (292, 6.01), (293, 6.00), (294, 6.00), (295, 5.99), 
(296, 5.99), (297, 5.98), (298, 5.98), (299, 5.97), (300, 5.96), (301, 5.96), (302, 5.95), (303, 5.95), 
(304, 5.94), (305, 5.94), (306, 5.93), (307, 5.93), (308, 5.92), (309, 5.92), (310, 5.91), (311, 5.91), 
(312, 5.90), (313, 5.90), (314, 5.93), (315, 5.97), (316, 6.01), (317, 6.05), (318, 6.09), (319, 6.12), 
(320, 6.16), (321, 6.20), (322, 6.24), (323, 6.28), (324, 6.32), (325, 6.35), (326, 6.39), (327, 6.43), 
(328, 6.36), (329, 6.29), (330, 6.22), (331, 6.15), (332, 6.07), (333, 6.00), (334, 5.93), (335, 5.86), 
(336, 5.79), (337, 5.72), (338, 5.65), (339, 5.58), (340, 5.51), (341, 5.44), (342, 5.36), (343, 5.29), 
(344, 5.22), (345, 5.15), (346, 5.08), (347, 5.01), (348, 4.94), (349, 4.87), (350, 4.80), (351, 4.72), 
(352, 4.65), (353, 4.58), (354, 4.51), (355, 4.44), (356, 4.44), (357, 4.44), (358, 4.44) 
Harvestsperyear = GRAPH(TIME) 
(0.00, 0.00), (1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 1.00), (6.00, 0.00), (7.00, 0.00), 
(8.00, 0.00), (9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00), (13.0, 0.00), (14.0, 0.00), (15.0, 0.00), 
(16.0, 0.00), (17.0, 0.00), (18.0, 0.00), (19.0, 0.00), (20.0, 0.00), (21.0, 0.00), (22.0, 0.00), (23.0, 0.00), 
(24.0, 0.00), (25.0, 0.00), (26.0, 0.00), (27.0, 0.00), (28.0, 0.00), (29.0, 0.00), (30.0, 0.00), (31.0, 0.00), 
(32.0, 0.00), (33.0, 0.00), (34.0, 0.00), (35.0, 1.00), (36.0, 0.00), (37.0, 0.00), (38.0, 0.00), (39.0, 0.00), 
(40.0, 0.00), (41.0, 0.00), (42.0, 0.00), (43.0, 0.00), (44.0, 0.00), (45.0, 0.00), (46.0, 0.00), (47.0, 0.00), 
(48.0, 0.00), (49.0, 0.00), (50.0, 0.00), (51.0, 0.00), (52.0, 0.00), (53.0, 0.00), (54.0, 0.00), (55.0, 0.00), 
(56.0, 0.00), (57.0, 0.00), (58.0, 0.00), (59.0, 0.00), (60.0, 0.00), (61.0, 0.00), (62.0, 0.00), (63.0, 0.00), 
(64.0, 0.00), (65.0, 1.00), (66.0, 0.00), (67.0, 0.00), (68.0, 0.00), (69.0, 0.00), (70.0, 0.00), (71.0, 0.00), 
(72.0, 0.00), (73.0, 0.00), (74.0, 0.00), (75.0, 0.00), (76.0, 0.00), (77.0, 0.00), (78.0, 0.00), (79.0, 0.00), 
(80.0, 0.00), (81.0, 0.00), (82.0, 0.00), (83.0, 0.00), (84.0, 0.00), (85.0, 0.00), (86.0, 0.00), (87.0, 0.00), 
(88.0, 0.00), (89.0, 0.00), (90.0, 0.00), (91.0, 0.00), (92.0, 0.00), (93.0, 0.00), (94.0, 0.00), (95.0, 1.00), 
(96.0, 0.00), (97.0, 0.00), (98.0, 0.00), (99.0, 0.00), (100, 0.00), (101, 0.00), (102, 0.00), (103, 0.00), 
(104, 0.00), (105, 0.00), (106, 0.00), (107, 0.00), (108, 0.00), (109, 0.00), (110, 0.00), (111, 0.00), 
(112, 0.00), (113, 0.00), (114, 0.00), (115, 0.00), (116, 0.00), (117, 0.00), (118, 0.00), (119, 0.00), 
(120, 0.00), (121, 0.00), (122, 0.00), (123, 0.00), (124, 0.00), (125, 0.00), (126, 0.00), (127, 0.00), 
(128, 0.00), (129, 0.00), (130, 0.00), (131, 0.00), (132, 0.00), (133, 0.00), (134, 0.00), (135, 0.00), 
(136, 0.00), (137, 0.00), (138, 0.00), (139, 0.00), (140, 0.00), (141, 0.00), (142, 0.00), (143, 0.00), 
(144, 0.00), (145, 0.00), (146, 0.00), (147, 0.00), (148, 0.00), (149, 0.00), (150, 0.00), (151, 0.00), 
(152, 0.00), (153, 0.00), (154, 0.00), (155, 0.00), (156, 0.00), (157, 0.00), (158, 0.00), (159, 0.00), 
(160, 0.00), (161, 0.00), (162, 0.00), (163, 0.00), (164, 0.00), (165, 0.00), (166, 0.00), (167, 0.00), 
(168, 0.00), (169, 0.00), (170, 0.00), (171, 0.00), (172, 0.00), (173, 0.00), (174, 0.00), (175, 0.00), 
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(176, 0.00), (177, 0.00), (178, 0.00), (179, 0.00), (180, 0.00), (181, 0.00), (182, 0.00), (183, 0.00), 
(184, 0.00), (185, 0.00), (186, 0.00), (187, 0.00), (188, 0.00), (189, 0.00), (190, 0.00), (191, 0.00), 
(192, 0.00), (193, 0.00), (194, 0.00), (195, 0.00), (196, 0.00), (197, 0.00), (198, 0.00), (199, 0.00), 
(200, 0.00), (201, 0.00), (202, 0.00), (203, 0.00), (204, 0.00), (205, 0.00), (206, 0.00), (207, 0.00), 
(208, 0.00), (209, 0.00), (210, 0.00), (211, 0.00), (212, 0.00), (213, 0.00), (214, 0.00), (215, 0.00), 
(216, 0.00), (217, 0.00), (218, 0.00), (219, 0.00), (220, 0.00), (221, 0.00), (222, 0.00), (223, 0.00), 
(224, 0.00), (225, 0.00), (226, 0.00), (227, 0.00), (228, 0.00), (229, 0.00), (230, 0.00), (231, 0.00), 
(232, 0.00), (233, 0.00), (234, 0.00), (235, 0.00), (236, 0.00), (237, 0.00), (238, 0.00), (239, 0.00), 
(240, 0.00), (241, 0.00), (242, 0.00), (243, 0.00), (244, 0.00), (245, 0.00), (246, 0.00), (247, 0.00), 
(248, 0.00), (249, 0.00), (250, 0.00), (251, 0.00), (252, 0.00), (253, 0.00), (254, 0.00), (255, 0.00), 
(256, 0.00), (257, 0.00), (258, 0.00), (259, 0.00), (260, 0.00), (261, 0.00), (262, 0.00), (263, 0.00), 
(264, 0.00), (265, 0.00), (266, 0.00), (267, 0.00), (268, 0.00), (269, 0.00), (270, 0.00), (271, 0.00), 
(272, 0.00), (273, 0.00), (274, 0.00), (275, 0.00), (276, 0.00), (277, 0.00), (278, 0.00), (279, 0.00), 
(280, 0.00), (281, 0.00), (282, 0.00), (283, 0.00), (284, 0.00), (285, 0.00), (286, 0.00), (287, 0.00), 
(288, 0.00), (289, 0.00), (290, 0.00), (291, 0.00), (292, 0.00), (293, 0.00), (294, 0.00), (295, 0.00), 
(296, 0.00), (297, 0.00), (298, 0.00), (299, 0.00), (300, 0.00), (301, 0.00), (302, 0.00), (303, 0.00), 
(304, 0.00), (305, 0.00), (306, 0.00), (307, 0.00), (308, 0.00), (309, 0.00), (310, 0.00), (311, 0.00), 
(312, 0.00), (313, 0.00), (314, 0.00), (315, 0.00), (316, 0.00), (317, 0.00), (318, 0.00), (319, 0.00), 
(320, 0.00), (321, 0.00), (322, 0.00), (323, 0.00), (324, 0.00), (325, 0.00), (326, 0.00), (327, 0.00), 
(328, 0.00), (329, 0.00), (330, 0.00), (331, 0.00), (332, 0.00), (333, 0.00), (334, 0.00), (335, 0.00), 
(336, 0.00), (337, 0.00), (338, 0.00), (339, 0.00), (340, 0.00), (341, 0.00), (342, 0.00), (343, 0.00), 
(344, 0.00), (345, 0.00), (346, 0.00), (347, 0.00), (348, 0.00), (349, 0.00), (350, 0.00), (351, 0.00), 
(352, 0.00), (353, 0.00), (354, 0.00), (355, 0.00), (356, 0.00), (357, 0.00), (358, 0.00) 
DOCUMENT:  number of harvests 
 
A2 = 230000 
DOCUMENT:  m^2 
 
ALR = 0.6 
Cp = 4182 
DOCUMENT:  J/kg Deg C 
 
H20Density = 1000 
DOCUMENT:  kg/m^3 
 
kb = 0.3 
PEventConc = 0.8 
DOCUMENT:  g/m^3 
 
RL = 0.03 
StephBotz = 0.0049 
DOCUMENT:  J(m^2 day K^4)^-1 
 
MeasuredH2OTemp = GRAPH(time) 
(0.00, 27.3), (1.00, 27.3), (2.00, 27.3), (3.00, 27.3), (4.00, 27.3), (5.00, 27.3), (6.00, 27.3), (7.00, 27.3), 
(8.00, 27.3), (9.00, 27.3), (10.0, 27.3), (11.0, 27.3), (12.0, 27.3), (13.0, 27.3), (14.0, 27.3), (15.0, 27.3), 
(16.0, 27.3), (17.0, 27.3), (18.0, 27.3), (19.0, 27.3), (20.0, 27.3), (21.0, 27.3), (22.0, 27.3), (23.0, 27.3), 
(24.0, 28.4), (25.0, 28.4), (26.0, 28.4), (27.0, 28.4), (28.0, 28.4), (29.0, 28.4), (30.0, 28.4), (31.0, 28.4), 
(32.0, 28.4), (33.0, 28.4), (34.0, 28.4), (35.0, 28.4), (36.0, 28.4), (37.0, 28.4), (38.0, 28.4), (39.0, 28.4), 
(40.0, 28.4), (41.0, 28.4), (42.0, 28.4), (43.0, 28.4), (44.0, 28.4), (45.0, 28.4), (46.0, 28.4), (47.0, 28.4), 
(48.0, 28.4), (49.0, 28.4), (50.0, 28.4), (51.0, 28.4), (52.0, 28.4), (53.0, 28.4), (54.0, 28.4), (55.0, 28.4), 
(56.0, 28.4), (57.0, 28.4), (58.0, 28.4), (59.0, 28.4), (60.0, 28.4), (61.0, 28.4), (62.0, 28.4), (63.0, 28.4), 
(64.0, 28.4), (65.0, 28.4), (66.0, 28.4), (67.0, 28.4), (68.0, 28.4), (69.0, 28.4), (70.0, 28.4), (71.0, 28.4), 
 145
(72.0, 28.4), (73.0, 28.4), (74.0, 28.4), (75.0, 28.4), (76.0, 28.4), (77.0, 28.4), (78.0, 28.4), (79.0, 28.4), 
(80.0, 28.4), (81.0, 28.4), (82.0, 28.4), (83.0, 28.4), (84.0, 28.4), (85.0, 28.4), (86.0, 26.7), (87.0, 26.7), 
(88.0, 26.7), (89.0, 26.7), (90.0, 26.7), (91.0, 26.7), (92.0, 26.7), (93.0, 26.7), (94.0, 26.7), (95.0, 26.7), 
(96.0, 26.7), (97.0, 26.7), (98.0, 26.7), (99.0, 26.7), (100, 26.7), (101, 26.7), (102, 26.7), (103, 26.7), 
(104, 26.7), (105, 26.7), (106, 26.7), (107, 26.7), (108, 26.7), (109, 26.7), (110, 26.7), (111, 26.7), 
(112, 26.7), (113, 26.7), (114, 26.7), (115, 26.7), (116, 18.6), (117, 18.6), (118, 18.6), (119, 18.6), 
(120, 18.6), (121, 18.6), (122, 18.6), (123, 18.6), (124, 18.6), (125, 18.6), (126, 18.6), (127, 18.6), 
(128, 18.6), (129, 18.6), (130, 18.6), (131, 18.6), (132, 18.6), (133, 18.6), (134, 18.6), (135, 18.6), 
(136, 18.6), (137, 18.6), (138, 18.6), (139, 18.6), (140, 18.6), (141, 18.6), (142, 18.6), (143, 18.6), 
(144, 18.6), (145, 18.6), (146, 18.6), (147, 19.2), (148, 19.2), (149, 19.2), (150, 19.2), (151, 19.2), 
(152, 19.2), (153, 19.2), (154, 19.2), (155, 19.2), (156, 19.2), (157, 19.2), (158, 19.2), (159, 19.2), 
(160, 19.2), (161, 19.2), (162, 19.2), (163, 19.2), (164, 19.2), (165, 19.2), (166, 19.2), (167, 19.2), 
(168, 19.2), (169, 19.2), (170, 19.2), (171, 19.2), (172, 19.2), (173, 19.2), (174, 19.2), (175, 19.2), 
(176, 19.2), (177, 10.2), (178, 10.2), (179, 10.2), (180, 10.2), (181, 10.2), (182, 10.2), (183, 10.2), 
(184, 10.2), (185, 10.2), (186, 10.2), (187, 10.2), (188, 10.2), (189, 10.2), (190, 10.2), (191, 10.2), 
(192, 10.2), (193, 10.2), (194, 10.2), (195, 10.2), (196, 10.2), (197, 10.2), (198, 10.2), (199, 10.2), 
(200, 10.2), (201, 10.2), (202, 10.2), (203, 10.2), (204, 10.2), (205, 10.2), (206, 10.2), (207, 10.2), 
(208, 8.40), (209, 8.40), (210, 8.40), (211, 8.40), (212, 8.40), (213, 8.40), (214, 8.40), (215, 8.40), 
(216, 8.40), (217, 8.40), (218, 8.40), (219, 8.40), (220, 8.40), (221, 8.40), (222, 8.40), (223, 8.40), 
(224, 8.40), (225, 8.40), (226, 8.40), (227, 8.40), (228, 8.40), (229, 8.40), (230, 8.40), (231, 8.40), 
(232, 8.40), (233, 8.40), (234, 8.40), (235, 8.40), (236, 8.40), (237, 8.40), (238, 8.40), (239, 17.9), 
(240, 17.9), (241, 17.9), (242, 17.9), (243, 17.9), (244, 17.9), (245, 17.9), (246, 17.9), (247, 17.9), 
(248, 17.9), (249, 17.9), (250, 17.9), (251, 17.9), (252, 17.9), (253, 17.9), (254, 17.9), (255, 17.9), 
(256, 17.9), (257, 17.9), (258, 17.9), (259, 17.9), (260, 17.9), (261, 17.9), (262, 17.9), (263, 17.9), 
(264, 17.9), (265, 17.9), (266, 17.9), (267, 15.3), (268, 15.3), (269, 15.3), (270, 15.3), (271, 15.3), 
(272, 15.3), (273, 15.3), (274, 15.3), (275, 15.3), (276, 15.3), (277, 15.3), (278, 15.3), (279, 15.3), 
(280, 15.3), (281, 15.3), (282, 15.3), (283, 15.3), (284, 15.3), (285, 15.3), (286, 15.3), (287, 15.3), 
(288, 15.3), (289, 15.3), (290, 15.3), (291, 15.3), (292, 15.3), (293, 15.3), (294, 15.3), (295, 15.3), 
(296, 15.3), (297, 15.3), (298, 24.7), (299, 24.7), (300, 24.7), (301, 24.7), (302, 24.7), (303, 24.7), 
(304, 24.7), (305, 24.7), (306, 24.7), (307, 24.7), (308, 24.7), (309, 24.7), (310, 24.7), (311, 24.7), 
(312, 24.7), (313, 24.7), (314, 24.7), (315, 24.7), (316, 24.7), (317, 24.7), (318, 24.7), (319, 24.7), 
(320, 24.7), (321, 24.7), (322, 24.7), (323, 24.7), (324, 24.7), (325, 24.7), (326, 24.7), (327, 24.7), 
(328, 26.4), (329, 26.4), (330, 26.4), (331, 26.4), (332, 26.4), (333, 26.4), (334, 26.4), (335, 26.4), 
(336, 26.4), (337, 26.4), (338, 26.4), (339, 26.4), (340, 26.4), (341, 26.4), (342, 26.4), (343, 26.4), 
(344, 26.4), (345, 26.4), (346, 26.4), (347, 26.4), (348, 26.4), (349, 26.4), (350, 26.4), (351, 26.4), 
(352, 26.4), (353, 26.4), (354, 26.4), (355, 26.4), (356, 26.4), (357, 26.4), (358, 26.4) 
DOCUMENT:  Deg. C 
 
ObservedlTPWater = GRAPH(time) 
(0.00, 0.351), (1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 
0.00), (8.00, 0.00), (9.00, 0.00), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00), (13.0, 0.00), (14.0, 0.00), (15.0, 
0.00), (16.0, 0.00), (17.0, 0.00), (18.0, 0.00), (19.0, 0.00), (20.0, 0.00), (21.0, 0.00), (22.0, 0.00), (23.0, 
0.00), (24.0, 0.00), (25.0, 0.00), (26.0, 0.00), (27.0, 0.00), (28.0, 0.00), (29.0, 0.00), (30.0, 0.00), (31.0, 
0.00), (32.0, 0.00), (33.0, 0.504), (34.0, 0.00), (35.0, 0.00), (36.0, 0.00), (37.0, 0.00), (38.0, 0.00), 
(39.0, 0.00), (40.0, 0.00), (41.0, 0.00), (42.0, 0.00), (43.0, 0.00), (44.0, 0.00), (45.0, 0.00), (46.0, 0.00), 
(47.0, 0.00), (48.0, 0.00), (49.0, 0.00), (50.0, 0.00), (51.0, 0.00), (52.0, 0.00), (53.0, 0.00), (54.0, 0.00), 
(55.0, 0.00), (56.0, 0.00), (57.0, 0.571), (58.0, 0.00), (59.0, 0.00), (60.0, 0.00), (61.0, 0.00), (62.0, 
0.00), (63.0, 0.00), (64.0, 0.596), (65.0, 0.00), (66.0, 0.00), (67.0, 0.00), (68.0, 0.00), (69.0, 0.00), 
(70.0, 0.00), (71.0, 0.662), (72.0, 0.00), (73.0, 0.00), (74.0, 0.00), (75.0, 0.00), (76.0, 0.00), (77.0, 
0.00), (78.0, 0.00), (79.0, 0.00), (80.0, 0.00), (81.0, 0.00), (82.0, 0.00), (83.0, 0.00), (84.0, 0.00), (85.0, 
0.00), (86.0, 0.00), (87.0, 0.00), (88.0, 0.00), (89.0, 0.00), (90.0, 0.00), (91.0, 0.00), (92.0, 0.674), 
(93.0, 0.00), (94.0, 0.00), (95.0, 0.00), (96.0, 0.00), (97.0, 0.00), (98.0, 0.00), (99.0, 0.00), (100, 0.00), 
(101, 0.00), (102, 0.00), (103, 0.00), (104, 0.00), (105, 0.00), (106, 0.506), (107, 0.00), (108, 0.00), 
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(109, 0.00), (110, 0.00), (111, 0.00), (112, 0.00), (113, 0.00), (114, 0.00), (115, 0.00), (116, 0.00), 
(117, 0.00), (118, 0.00), (119, 0.00), (120, 0.00), (121, 0.00), (122, 0.00), (123, 0.00), (124, 0.00), 
(125, 0.00), (126, 0.00), (127, 0.429), (128, 0.00), (129, 0.00), (130, 0.00), (131, 0.00), (132, 0.00), 
(133, 0.00), (134, 0.00), (135, 0.00), (136, 0.00), (137, 0.00), (138, 0.00), (139, 0.00), (140, 0.00), 
(141, 0.382), (142, 0.00), (143, 0.00), (144, 0.00), (145, 0.00), (146, 0.00), (147, 0.00), (148, 0.00), 
(149, 0.00), (150, 0.00), (151, 0.00), (152, 0.00), (153, 0.00), (154, 0.00), (155, 0.288), (156, 0.00), 
(157, 0.00), (158, 0.00), (159, 0.00), (160, 0.00), (161, 0.00), (162, 0.00), (163, 0.00), (164, 0.00), 
(165, 0.00), (166, 0.00), (167, 0.00), (168, 0.00), (169, 0.00), (170, 0.00), (171, 0.00), (172, 0.00), 
(173, 0.00), (174, 0.00), (175, 0.00), (176, 0.00), (177, 0.00), (178, 0.00), (179, 0.00), (180, 0.00), 
(181, 0.00), (182, 0.00), (183, 0.237), (184, 0.00), (185, 0.00), (186, 0.00), (187, 0.00), (188, 0.00), 
(189, 0.00), (190, 0.00), (191, 0.00), (192, 0.00), (193, 0.00), (194, 0.00), (195, 0.00), (196, 0.00), 
(197, 0.00), (198, 0.00), (199, 0.00), (200, 0.00), (201, 0.00), (202, 0.00), (203, 0.00), (204, 0.00), 
(205, 0.00), (206, 0.00), (207, 0.00), (208, 0.00), (209, 0.00), (210, 0.00), (211, 0.00), (212, 0.00), 
(213, 0.00), (214, 0.00), (215, 0.00), (216, 0.00), (217, 0.00), (218, 0.00), (219, 0.00), (220, 0.00), 
(221, 0.00), (222, 0.00), (223, 0.00), (224, 0.00), (225, 0.00), (226, 0.00), (227, 0.00), (228, 0.00), 
(229, 0.084), (230, 0.00), (231, 0.00), (232, 0.00), (233, 0.00), (234, 0.00), (235, 0.00), (236, 0.00), 
(237, 0.00), (238, 0.00), (239, 0.00), (240, 0.00), (241, 0.00), (242, 0.00), (243, 0.00), (244, 0.00), 
(245, 0.00), (246, 0.00), (247, 0.145), (248, 0.00), (249, 0.00), (250, 0.00), (251, 0.00), (252, 0.00), 
(253, 0.00), (254, 0.00), (255, 0.00), (256, 0.00), (257, 0.00), (258, 0.00), (259, 0.00), (260, 0.00), 
(261, 0.00), (262, 0.00), (263, 0.00), (264, 0.00), (265, 0.00), (266, 0.00), (267, 0.00), (268, 0.00), 
(269, 0.00), (270, 0.00), (271, 0.233), (272, 0.00), (273, 0.00), (274, 0.00), (275, 0.00), (276, 0.00), 
(277, 0.00), (278, 0.00), (279, 0.00), (280, 0.00), (281, 0.00), (282, 0.00), (283, 0.00), (284, 0.00), 
(285, 0.219), (286, 0.00), (287, 0.00), (288, 0.00), (289, 0.00), (290, 0.00), (291, 0.00), (292, 0.00), 
(293, 0.00), (294, 0.00), (295, 0.00), (296, 0.00), (297, 0.00), (298, 0.00), (299, 0.00), (300, 0.00), 
(301, 0.00), (302, 0.00), (303, 0.00), (304, 0.00), (305, 0.00), (306, 0.00), (307, 0.00), (308, 0.00), 
(309, 0.00), (310, 0.00), (311, 0.00), (312, 0.00), (313, 0.327), (314, 0.00), (315, 0.00), (316, 0.00), 
(317, 0.00), (318, 0.00), (319, 0.00), (320, 0.00), (321, 0.00), (322, 0.00), (323, 0.00), (324, 0.00), 
(325, 0.00), (326, 0.00), (327, 0.287), (328, 0.00), (329, 0.00), (330, 0.00), (331, 0.00), (332, 0.00), 
(333, 0.00), (334, 0.00), (335, 0.00), (336, 0.00), (337, 0.00), (338, 0.00), (339, 0.00), (340, 0.00), 
(341, 0.00), (342, 0.00), (343, 0.00), (344, 0.00), (345, 0.00), (346, 0.00), (347, 0.00), (348, 0.00), 
(349, 0.00), (350, 0.00), (351, 0.00), (352, 0.00), (353, 0.00), (354, 0.00), (355, 0.295), (356, 0.00), 
(357, 0.00), (358, 0.00) 
Tdp = GRAPH(time) 
(0.00, 13.9), (1.00, 18.3), (2.00, 21.1), (3.00, 18.9), (4.00, 18.3), (5.00, 19.4), (6.00, 19.4), (7.00, 21.1), 
(8.00, 21.7), (9.00, 22.2), (10.0, 22.8), (11.0, 22.8), (12.0, 22.8), (13.0, 23.3), (14.0, 23.3), (15.0, 22.8), 
(16.0, 22.2), (17.0, 23.3), (18.0, 22.8), (19.0, 22.2), (20.0, 22.8), (21.0, 22.8), (22.0, 23.9), (23.0, 22.8), 
(24.0, 23.3), (25.0, 22.2), (26.0, 22.2), (27.0, 20.0), (28.0, 18.9), (29.0, 21.7), (30.0, 22.2), (31.0, 22.8), 
(32.0, 23.3), (33.0, 23.3), (34.0, 23.3), (35.0, 22.2), (36.0, 22.2), (37.0, 23.3), (38.0, 22.2), (39.0, 21.1), 
(40.0, 23.9), (41.0, 24.4), (42.0, 23.3), (43.0, 23.3), (44.0, 22.8), (45.0, 20.6), (46.0, 20.6), (47.0, 18.3), 
(48.0, 17.2), (49.0, 18.3), (50.0, 20.6), (51.0, 20.6), (52.0, 22.2), (53.0, 22.8), (54.0, 22.8), (55.0, 22.2), 
(56.0, 22.2), (57.0, 23.3), (58.0, 22.2), (59.0, 23.3), (60.0, 22.8), (61.0, 23.3), (62.0, 23.3), (63.0, 22.2), 
(64.0, 22.2), (65.0, 22.2), (66.0, 20.6), (67.0, 17.8), (68.0, 22.8), (69.0, 23.3), (70.0, 23.3), (71.0, 22.2), 
(72.0, 22.2), (73.0, 21.7), (74.0, 21.7), (75.0, 21.7), (76.0, 22.2), (77.0, 22.8), (78.0, 22.8), (79.0, 22.2), 
(80.0, 23.3), (81.0, 23.3), (82.0, 23.3), (83.0, 22.8), (84.0, 21.7), (85.0, 23.3), (86.0, 23.3), (87.0, 21.7), 
(88.0, 22.2), (89.0, 22.8), (90.0, 20.0), (91.0, 19.4), (92.0, 20.6), (93.0, 23.3), (94.0, 23.3), (95.0, 23.9), 
(96.0, 23.3), (97.0, 23.9), (98.0, 23.3), (99.0, 23.3), (100, 19.4), (101, 11.1), (102, 10.6), (103, 13.9), 
(104, 20.0), (105, 23.3), (106, 23.3), (107, 24.4), (108, 24.4), (109, 23.9), (110, 14.4), (111, 9.44), 
(112, 8.89), (113, 10.0), (114, 10.6), (115, 14.4), (116, 17.8), (117, 16.7), (118, 16.1), (119, 18.9), 
(120, 23.3), (121, 21.7), (122, 8.33), (123, -1.67), (124, 0.56), (125, 2.22), (126, 4.44), (127, 5.56), 
(128, 7.78), (129, 11.1), (130, 13.3), (131, 16.7), (132, 17.8), (133, 14.4), (134, 11.7), (135, 11.1), 
(136, 15.6), (137, 20.0), (138, 16.7), (139, 14.4), (140, 11.1), (141, 13.3), (142, 13.9), (143, 14.4), 
(144, 14.4), (145, 15.6), (146, 16.7), (147, 17.8), (148, 18.3), (149, 17.2), (150, 18.3), (151, 20.0), 
(152, 18.9), (153, 18.3), (154, 21.7), (155, 7.78), (156, 5.56), (157, 6.67), (158, 7.78), (159, 10.6), 
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(160, -1.11), (161, 1.11), (162, 14.4), (163, 8.33), (164, 4.44), (165, 5.56), (166, 1.67), (167, -3.33), 
(168, -1.11), (169, 10.6), (170, 14.4), (171, 8.89), (172, 6.67), (173, 3.33), (174, 5.56), (175, 10.6), 
(176, 2.78), (177, 7.78), (178, 3.33), (179, -1.67), (180, 0.00), (181, -0.56), (182, 3.33), (183, 5.00), 
(184, 7.22), (185, 6.67), (186, 9.44), (187, 13.3), (188, -3.33), (189, 5.56), (190, 3.33), (191, 7.78), 
(192, 11.1), (193, -8.89), (194, 1.11), (195, -5.56), (196, -4.44), (197, 2.22), (198, -6.67), (199, -0.56), 
(200, 2.22), (201, 1.11), (202, 7.78), (203, 11.7), (204, 2.78), (205, -1.67), (206, -6.11), (207, -5.56), 
(208, -3.33), (209, -10.0), (210, -7.22), (211, -1.11), (212, 2.78), (213, 2.78), (214, 12.2), (215, 1.11), 
(216, -2.22), (217, -1.67), (218, 9.44), (219, 5.00), (220, 6.11), (221, 13.3), (222, 9.44), (223, 7.78), 
(224, 13.3), (225, 13.9), (226, 3.33), (227, -2.78), (228, -2.78), (229, -2.22), (230, -0.56), (231, 1.67), 
(232, 1.67), (233, 6.67), (234, 13.3), (235, 14.4), (236, 13.9), (237, 10.0), (238, 4.44), (239, 2.78), 
(240, 0.56), (241, -4.44), (242, 1.11), (243, 0.56), (244, 5.00), (245, 11.7), (246, 15.0), (247, 16.1), 
(248, 2.22), (249, 4.44), (250, 13.3), (251, 19.4), (252, 20.0), (253, 20.0), (254, 16.7), (255, 1.11), 
(256, -1.11), (257, 7.22), (258, 13.3), (259, 16.1), (260, 13.9), (261, 9.44), (262, 19.4), (263, 16.1), 
(264, 15.6), (265, 17.8), (266, 17.2), (267, 17.2), (268, 18.3), (269, 16.7), (270, 6.11), (271, 1.67), 
(272, 1.11), (273, 1.67), (274, 6.67), (275, 8.89), (276, 1.67), (277, 12.8), (278, 17.2), (279, 8.33), 
(280, 10.6), (281, 11.1), (282, 5.00), (283, 5.00), (284, 4.44), (285, 4.44), (286, 4.44), (287, 3.33), 
(288, 5.56), (289, 10.0), (290, 13.3), (291, 4.44), (292, -0.56), (293, 1.67), (294, 9.44), (295, 12.8), 
(296, 11.1), (297, 10.6), (298, 9.44), (299, 16.7), (300, 21.1), (301, 21.1), (302, 20.0), (303, 18.9), 
(304, 20.6), (305, 21.1), (306, 21.1), (307, 21.1), (308, 20.6), (309, 21.7), (310, 22.8), (311, 21.1), 
(312, 20.6), (313, 17.2), (314, 5.00), (315, 2.78), (316, 7.78), (317, 14.4), (318, 18.9), (319, 17.8), 
(320, 20.0), (321, 16.1), (322, 8.33), (323, 10.0), (324, 12.2), (325, 12.2), (326, 11.7), (327, 15.6), 
(328, 15.6), (329, 17.2), (330, 17.8), (331, 17.2), (332, 17.2), (333, 17.8), (334, 17.2), (335, 18.9), 
(336, 17.8), (337, 16.7), (338, 18.3), (339, 17.8), (340, 17.2), (341, 15.0), (342, 18.3), (343, 17.8), 
(344, 18.3), (345, 20.6), (346, 22.2), (347, 22.2), (348, 21.1), (349, 12.2), (350, 11.7), (351, 18.3), 
(352, 13.9), (353, 17.2), (354, 20.0), (355, 22.2), (356, 22.2), (357, 22.2), (358, 22.2) 
DOCUMENT:  Deg. C 
 
T_air = GRAPH(time) 
(0.00, 24.4), (1.00, 23.9), (2.00, 27.8), (3.00, 27.2), (4.00, 26.7), (5.00, 26.1), (6.00, 27.2), (7.00, 27.2), 
(8.00, 27.2), (9.00, 26.7), (10.0, 27.2), (11.0, 27.8), (12.0, 26.7), (13.0, 27.2), (14.0, 28.3), (15.0, 28.9), 
(16.0, 28.3), (17.0, 29.4), (18.0, 28.3), (19.0, 27.2), (20.0, 27.2), (21.0, 27.8), (22.0, 27.8), (23.0, 27.2), 
(24.0, 26.7), (25.0, 26.1), (26.0, 27.2), (27.0, 27.2), (28.0, 26.7), (29.0, 28.3), (30.0, 30.0), (31.0, 30.6), 
(32.0, 28.3), (33.0, 28.3), (34.0, 28.9), (35.0, 28.9), (36.0, 29.4), (37.0, 30.6), (38.0, 30.0), (39.0, 30.6), 
(40.0, 30.0), (41.0, 30.0), (42.0, 30.6), (43.0, 31.1), (44.0, 30.6), (45.0, 30.0), (46.0, 22.8), (47.0, 25.6), 
(48.0, 26.7), (49.0, 26.7), (50.0, 27.2), (51.0, 26.7), (52.0, 28.9), (53.0, 27.2), (54.0, 27.8), (55.0, 26.7), 
(56.0, 27.2), (57.0, 27.8), (58.0, 28.3), (59.0, 28.9), (60.0, 29.4), (61.0, 29.4), (62.0, 29.4), (63.0, 29.4), 
(64.0, 29.4), (65.0, 27.8), (66.0, 29.4), (67.0, 27.2), (68.0, 27.2), (69.0, 29.4), (70.0, 30.0), (71.0, 30.6), 
(72.0, 30.0), (73.0, 30.6), (74.0, 31.1), (75.0, 30.0), (76.0, 28.9), (77.0, 27.8), (78.0, 27.8), (79.0, 28.9), 
(80.0, 30.0), (81.0, 28.3), (82.0, 29.4), (83.0, 30.6), (84.0, 32.8), (85.0, 31.1), (86.0, 30.0), (87.0, 31.7), 
(88.0, 31.7), (89.0, 32.2), (90.0, 31.7), (91.0, 26.7), (92.0, 23.9), (93.0, 25.0), (94.0, 25.0), (95.0, 27.2), 
(96.0, 27.2), (97.0, 28.3), (98.0, 27.2), (99.0, 26.7), (100, 27.2), (101, 21.7), (102, 21.7), (103, 21.7), 
(104, 22.8), (105, 27.8), (106, 26.7), (107, 27.2), (108, 29.4), (109, 29.4), (110, 20.6), (111, 14.4), 
(112, 18.9), (113, 20.0), (114, 20.0), (115, 20.0), (116, 23.3), (117, 23.9), (118, 23.3), (119, 23.3), 
(120, 27.2), (121, 23.9), (122, 15.6), (123, 11.1), (124, 10.6), (125, 12.8), (126, 13.9), (127, 16.1), 
(128, 16.7), (129, 20.0), (130, 18.9), (131, 20.6), (132, 22.8), (133, 18.9), (134, 20.0), (135, 18.9), 
(136, 20.0), (137, 24.4), (138, 21.7), (139, 21.1), (140, 20.0), (141, 20.0), (142, 20.6), (143, 21.1), 
(144, 20.6), (145, 20.0), (146, 21.1), (147, 22.2), (148, 22.2), (149, 22.8), (150, 21.7), (151, 22.8), 
(152, 20.6), (153, 19.4), (154, 25.0), (155, 13.3), (156, 10.0), (157, 7.22), (158, 13.9), (159, 11.1), 
(160, 8.33), (161, 7.22), (162, 14.4), (163, 11.7), (164, 5.56), (165, 6.67), (166, 8.33), (167, 5.56), 
(168, 6.67), (169, 11.7), (170, 16.7), (171, 11.7), (172, 12.2), (173, 10.6), (174, 12.2), (175, 12.8), 
(176, 10.6), (177, 8.33), (178, 8.89), (179, 5.56), (180, 6.67), (181, 7.22), (182, 6.11), (183, 9.44), 
(184, 11.1), (185, 11.1), (186, 12.8), (187, 18.3), (188, 6.67), (189, 14.4), (190, 5.00), (191, 8.33), 
(192, 13.3), (193, 2.22), (194, 6.67), (195, 0.56), (196, 1.67), (197, 6.11), (198, 2.22), (199, 6.67), 
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(200, 13.3), (201, 10.6), (202, 11.1), (203, 11.1), (204, 5.00), (205, 6.11), (206, 1.11), (207, -1.11), 
(208, 2.78), (209, -1.11), (210, 0.00), (211, 4.44), (212, 10.0), (213, 10.0), (214, 13.3), (215, 6.67), 
(216, 5.00), (217, 4.44), (218, 11.7), (219, 7.22), (220, 8.33), (221, 15.0), (222, 13.9), (223, 9.44), 
(224, 13.3), (225, 13.9), (226, 5.56), (227, 1.67), (228, 2.78), (229, 6.11), (230, 5.56), (231, 7.22), 
(232, 8.89), (233, 10.0), (234, 15.6), (235, 17.2), (236, 15.6), (237, 16.1), (238, 13.9), (239, 9.44), 
(240, 7.22), (241, 6.11), (242, 7.78), (243, 8.89), (244, 10.6), (245, 15.0), (246, 18.9), (247, 17.8), 
(248, 7.78), (249, 11.1), (250, 18.3), (251, 22.2), (252, 23.9), (253, 25.0), (254, 17.2), (255, 9.44), 
(256, 8.89), (257, 11.7), (258, 17.2), (259, 20.0), (260, 15.6), (261, 13.3), (262, 21.7), (263, 21.1), 
(264, 18.9), (265, 22.2), (266, 19.4), (267, 17.8), (268, 20.0), (269, 17.2), (270, 15.0), (271, 11.7), 
(272, 10.6), (273, 11.1), (274, 13.9), (275, 11.1), (276, 10.6), (277, 13.9), (278, 18.9), (279, 17.2), 
(280, 15.0), (281, 18.3), (282, 13.9), (283, 11.1), (284, 12.2), (285, 13.3), (286, 11.7), (287, 12.2), 
(288, 13.3), (289, 15.6), (290, 16.1), (291, 12.8), (292, 9.44), (293, 10.0), (294, 10.0), (295, 15.6), 
(296, 15.0), (297, 16.1), (298, 16.1), (299, 18.9), (300, 25.0), (301, 25.6), (302, 25.6), (303, 22.8), 
(304, 25.0), (305, 25.0), (306, 25.6), (307, 26.1), (308, 25.6), (309, 25.6), (310, 26.7), (311, 26.7), 
(312, 24.4), (313, 21.7), (314, 14.4), (315, 11.7), (316, 14.4), (317, 19.4), (318, 22.8), (319, 22.8), 
(320, 23.9), (321, 16.7), (322, 16.7), (323, 17.2), (324, 19.4), (325, 19.4), (326, 20.0), (327, 20.6), 
(328, 21.7), (329, 21.1), (330, 22.8), (331, 22.8), (332, 22.8), (333, 23.9), (334, 22.8), (335, 21.7), 
(336, 22.2), (337, 22.2), (338, 22.2), (339, 22.2), (340, 22.2), (341, 22.2), (342, 24.4), (343, 23.3), 
(344, 23.9), (345, 25.0), (346, 26.7), (347, 27.8), (348, 26.7), (349, 18.9), (350, 19.4), (351, 25.6), 
(352, 22.2), (353, 22.2), (354, 25.0), (355, 27.2), (356, 27.2), (357, 28.3), (358, 25.0) 
DOCUMENT:  Deg. C 
 
Uw = GRAPH(time) 
(0.00, 2.55), (1.00, 2.91), (2.00, 3.31), (3.00, 3.53), (4.00, 3.00), (5.00, 1.92), (6.00, 3.26), (7.00, 3.31), 
(8.00, 2.59), (9.00, 2.77), (10.0, 3.00), (11.0, 2.01), (12.0, 1.48), (13.0, 2.19), (14.0, 3.13), (15.0, 2.64), 
(16.0, 1.88), (17.0, 2.28), (18.0, 1.74), (19.0, 1.74), (20.0, 1.30), (21.0, 1.79), (22.0, 3.26), (23.0, 1.61), 
(24.0, 1.25), (25.0, 1.43), (26.0, 2.37), (27.0, 2.32), (28.0, 1.83), (29.0, 1.12), (30.0, 2.01), (31.0, 1.30), 
(32.0, 1.21), (33.0, 2.32), (34.0, 2.73), (35.0, 3.00), (36.0, 3.76), (37.0, 3.58), (38.0, 1.43), (39.0, 3.31), 
(40.0, 3.04), (41.0, 2.50), (42.0, 3.58), (43.0, 3.31), (44.0, 3.22), (45.0, 2.91), (46.0, 3.44), (47.0, 0.98), 
(48.0, 1.74), (49.0, 1.70), (50.0, 1.43), (51.0, 1.88), (52.0, 3.53), (53.0, 3.22), (54.0, 3.67), (55.0, 2.28), 
(56.0, 2.59), (57.0, 1.79), (58.0, 1.70), (59.0, 2.82), (60.0, 2.19), (61.0, 2.24), (62.0, 2.37), (63.0, 1.79), 
(64.0, 3.80), (65.0, 1.74), (66.0, 2.06), (67.0, 2.24), (68.0, 2.06), (69.0, 1.97), (70.0, 1.56), (71.0, 2.01), 
(72.0, 2.32), (73.0, 2.91), (74.0, 2.64), (75.0, 1.16), (76.0, 1.92), (77.0, 1.61), (78.0, 1.12), (79.0, 1.16), 
(80.0, 2.28), (81.0, 2.32), (82.0, 1.83), (83.0, 2.37), (84.0, 3.08), (85.0, 2.15), (86.0, 3.04), (87.0, 3.58), 
(88.0, 2.41), (89.0, 2.10), (90.0, 2.15), (91.0, 4.02), (92.0, 4.11), (93.0, 3.71), (94.0, 2.77), (95.0, 1.97), 
(96.0, 2.64), (97.0, 2.15), (98.0, 1.48), (99.0, 0.54), (100, 1.83), (101, 3.22), (102, 2.46), (103, 1.39), 
(104, 2.50), (105, 2.73), (106, 1.83), (107, 3.44), (108, 4.11), (109, 3.62), (110, 3.89), (111, 2.15), 
(112, 2.01), (113, 2.19), (114, 2.46), (115, 1.65), (116, 2.50), (117, 2.19), (118, 2.01), (119, 2.46), 
(120, 2.59), (121, 2.91), (122, 3.80), (123, 3.71), (124, 2.73), (125, 2.06), (126, 1.65), (127, 1.25), 
(128, 1.79), (129, 2.01), (130, 1.25), (131, 1.25), (132, 1.34), (133, 1.21), (134, 0.89), (135, 0.45), 
(136, 2.06), (137, 3.58), (138, 3.17), (139, 2.06), (140, 2.15), (141, 1.70), (142, 0.89), (143, 0.72), 
(144, 1.12), (145, 1.48), (146, 1.92), (147, 2.73), (148, 2.41), (149, 2.46), (150, 2.77), (151, 1.74), 
(152, 3.71), (153, 2.77), (154, 5.63), (155, 4.16), (156, 1.39), (157, 1.65), (158, 2.06), (159, 2.32), 
(160, 2.10), (161, 1.92), (162, 1.43), (163, 2.55), (164, 4.29), (165, 2.01), (166, 1.03), (167, 1.65), 
(168, 1.56), (169, 3.17), (170, 4.87), (171, 2.91), (172, 1.88), (173, 0.72), (174, 1.39), (175, 1.43), 
(176, 2.19), (177, 1.79), (178, 4.02), (179, 3.13), (180, 1.56), (181, 1.03), (182, 1.43), (183, 1.79), 
(184, 0.94), (185, 0.45), (186, 1.25), (187, 3.53), (188, 3.93), (189, 4.20), (190, 2.37), (191, 3.17), 
(192, 7.06), (193, 3.04), (194, 3.17), (195, 3.40), (196, 3.40), (197, 2.95), (198, 2.32), (199, 3.13), 
(200, 3.08), (201, 4.51), (202, 4.83), (203, 2.59), (204, 4.47), (205, 3.53), (206, 2.55), (207, 1.34), 
(208, 3.00), (209, 3.22), (210, 1.61), (211, 1.25), (212, 1.48), (213, 1.74), (214, 3.35), (215, 2.46), 
(216, 2.06), (217, 4.02), (218, 3.67), (219, 2.73), (220, 3.67), (221, 1.61), (222, 2.19), (223, 4.38), 
(224, 2.64), (225, 1.79), (226, 3.84), (227, 2.28), (228, 1.43), (229, 0.89), (230, 0.58), (231, 1.16), 
(232, 1.61), (233, 2.41), (234, 2.91), (235, 5.23), (236, 5.14), (237, 5.59), (238, 2.15), (239, 2.06), 
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(240, 1.74), (241, 1.56), (242, 1.25), (243, 1.43), (244, 2.86), (245, 3.44), (246, 4.02), (247, 5.95), 
(248, 3.35), (249, 2.19), (250, 3.04), (251, 3.80), (252, 3.84), (253, 4.25), (254, 6.71), (255, 3.76), 
(256, 2.24), (257, 3.00), (258, 2.37), (259, 1.30), (260, 2.59), (261, 3.93), (262, 6.44), (263, 2.95), 
(264, 3.62), (265, 3.40), (266, 1.97), (267, 2.59), (268, 2.01), (269, 4.02), (270, 5.14), (271, 2.55), 
(272, 1.97), (273, 1.48), (274, 2.46), (275, 3.26), (276, 2.10), (277, 4.65), (278, 2.73), (279, 1.48), 
(280, 3.22), (281, 3.31), (282, 3.26), (283, 2.50), (284, 2.28), (285, 3.08), (286, 3.67), (287, 2.32), 
(288, 1.52), (289, 1.83), (290, 1.48), (291, 3.13), (292, 2.41), (293, 3.84), (294, 5.10), (295, 2.41), 
(296, 2.55), (297, 2.24), (298, 1.97), (299, 4.47), (300, 4.83), (301, 4.20), (302, 3.49), (303, 4.34), 
(304, 4.47), (305, 4.60), (306, 4.07), (307, 4.38), (308, 5.54), (309, 4.78), (310, 3.31), (311, 3.93), 
(312, 4.11), (313, 1.88), (314, 3.67), (315, 1.97), (316, 3.00), (317, 4.16), (318, 4.56), (319, 4.56), 
(320, 3.04), (321, 1.88), (322, 2.28), (323, 1.97), (324, 1.61), (325, 2.15), (326, 3.08), (327, 4.11), 
(328, 3.40), (329, 2.86), (330, 3.53), (331, 3.89), (332, 3.22), (333, 3.17), (334, 2.59), (335, 2.28), 
(336, 1.97), (337, 2.50), (338, 2.01), (339, 0.98), (340, 1.39), (341, 1.61), (342, 3.17), (343, 3.22), 
(344, 3.44), (345, 3.62), (346, 3.84), (347, 5.14), (348, 6.08), (349, 3.17), (350, 3.08), (351, 4.96), 
(352, 2.37), (353, 1.39), (354, 3.22), (355, 6.03), (356, 2.10), (357, 4.16), (358, 2.59) 
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                       MODELED DATA USING GLM WITH CLI                      1 
                                             17:16 Wednesday, January 23,2002 
 
                              The GLM Procedure 
 
                         Number of observations    21 
 
                       MODELED DATA USING GLM WITH CLI                      2 
                                             17:16 Wednesday, January 23,2002 
 
                              The GLM Procedure 
 
Dependent Variable: MOD 
 
                                      Sum of 
Source                     DF        Squares    Mean Square   F Value   Pr >F 
 
Model                       1     0.26517228     0.26517228     78.82  <.0001 
 
Error                      19     0.06392295     0.00336437 
 
Corrected Total            20     0.32909524 
 
 
              R-Square     Coeff Var      Root MSE      MOD Mean 
 
              0.805762      14.85447      0.058003      0.390476 
 
 
Source                     DF      Type I SS    Mean Square   F Value   Pr >F 
 
OBS                         1     0.26517228     0.26517228     78.82  <.0001 
 
 
Source                     DF    Type III SS    Mean Square   F Value   Pr >F 
 
OBS                         1     0.26517228     0.26517228     78.82  <.0001 
 
 
Contrast                   DF    Contrast SS    Mean Square   F Value   Pr >F 
 
HO: B1=1                    1     0.26517228     0.26517228     78.82  <.0001 
 
 
                                        Standard 
      Parameter         Estimate           Error    t Value    Pr > |t| 
 
      Intercept     0.1313078710      0.03181828       4.13      0.0006 
      OBS           0.7048089496      0.07938875       8.88      <.0001 
 
                       MODELED DATA USING GLM WITH CLI                      3 
                                             17:16 Wednesday, January 23,2002 
 
                              The GLM Procedure 
 
Observation            OBS         Observed        Predicted         Residual 
 
          1          0.351       0.35000000       0.37869581      -0.02869581 
          2          0.336       0.37000000       0.36812368       0.00187632 
          3          0.302       0.46000000       0.34416017       0.11583983 
          4          0.294       0.51000000       0.33852170       0.17147830 
          5          0.504       0.47000000       0.48653158      -0.01653158 
          6          0.571       0.54000000       0.53375378       0.00624622 
          7          0.596       0.55000000       0.55137400      -0.00137400 
 152
          8          0.662       0.56000000       0.59789140      -0.03789140 
          9          0.674       0.58000000       0.60634910      -0.02634910 
         10          0.506       0.52000000       0.48794120       0.03205880 
         11          0.429       0.43000000       0.43367091      -0.00367091 
         12          0.382       0.39000000       0.40054489      -0.01054489 
         13          0.288       0.38000000       0.33429285       0.04570715 
         14          0.237       0.28000000       0.29834759      -0.01834759 
         15          0.084       0.14000000       0.19051182      -0.05051182 
         16          0.145       0.15000000       0.23350517      -0.08350517 
         17          0.233       0.30000000       0.29552836       0.00447164 
         18          0.219       0.30000000       0.28566103       0.01433897 
         19          0.327       0.32000000       0.36178040      -0.04178040 
         20          0.287       0.29000000       0.33358804      -0.04358804 
         21          0.295       0.31000000       0.33922651      -0.02922651 
 
                                        95% Confidence Limits for 
         Observation            OBS     Individual Predicted Value 
 
                   1          0.351       0.25440587      0.50298575 
                   2          0.336       0.24375308      0.49249428 
                   3          0.302       0.21942242      0.46889792 
                   4          0.294       0.21366057      0.46338284 
                   5          0.504       0.36022601      0.61283716 
                   6          0.571       0.40498553      0.66252203 
                   7          0.596       0.42145421      0.68129380 
                   8          0.662       0.46435708      0.73142571 
                   9          0.674       0.47207179      0.74062641 
                  10          0.506       0.36157562      0.61430678 
                  11          0.429       0.30899542      0.55834640 
                  12          0.382       0.27626331      0.52482647 
                  13          0.288       0.20932997      0.45925572 
                  14          0.237       0.17220471      0.42449047 
                  15          0.084       0.05761070      0.32341295 
                  16          0.145       0.10385264      0.36315769 
                  17          0.233       0.16926934      0.42178738 
                  18          0.219       0.15896890      0.41235317 
                  19          0.327       0.23733746      0.48622333 
                  20          0.287       0.20860744      0.45856864 
                  21          0.295       0.21438157      0.46407146 
 
                       MODELED DATA USING GLM WITH CLI                      4 
                                             17:16 Wednesday, January 23,2002 
 
                              The GLM Procedure 
 
             Sum of Residuals                        -0.00000000 
             Sum of Squared Residuals                 0.06392295 
             Sum of Squared Residuals - Error SS     -0.00000000 
             PRESS Statistic                          0.07576465 
             First Order Autocorrelation              0.36322635 
             Durbin-Watson D                          1.24730261 
 
                       MODELED DATA USING GLM WITH CLI                      5 
                                             17:16 Wednesday, January 23,2002 
 
                              The REG Procedure 
                                Model: MODEL1 
                           Dependent Variable: MOD 
 
                             Analysis of Variance 
 
                                    Sum of           Mean 
Source                   DF        Squares         Square    F Value    Pr >F 
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Model                     1        0.26517        0.26517      78.82    
<.0001 
Error                    19        0.06392        0.00336 
Corrected Total          20        0.32910 
 
 
             Root MSE              0.05800    R-Square     0.8058 
             Dependent Mean        0.39048    Adj R-Sq     0.7955 
             Coeff Var            14.85447 
 
 
                             Parameter Estimates 
 
                          Parameter       Standard 
     Variable     DF       Estimate          Error    t Value    Pr > |t| 
 
     Intercept     1        0.13131        0.03182       4.13      0.0006 
     OBS           1        0.70481        0.07939       8.88      <.0001 
 
                       MODELED DATA USING GLM WITH CLI                      6 
                                             17:16 Wednesday, January 23,2002 
 
                              The REG Procedure 
                                Model: MODEL1 
                           Dependent Variable: MOD 
 
                               Output Statistics 
 
                       Dep Var  Predicted     Std Error 
      Obs  OBS             MOD      Value  Mean Predict       95% CL Mean 
 
        1     0.351     0.3500     0.3787        0.0127     0.3521     0.4053 
        2     0.336     0.3700     0.3681        0.0129     0.3411     0.3951 
        3     0.302     0.4600     0.3442        0.0137     0.3155     0.3728 
        4     0.294     0.5100     0.3385        0.0139     0.3093     0.3677 
        5     0.504     0.4700     0.4865        0.0167     0.4517     0.5214 
        6     0.571     0.5400     0.5338        0.0205     0.4908     0.5767 
        7     0.596     0.5500     0.5514        0.0221     0.5051     0.5976 
        8     0.662     0.5600     0.5979        0.0266     0.5423     0.6535 
        9     0.674     0.5800     0.6063        0.0274     0.5490     0.6637 
       10     0.506     0.5200     0.4879        0.0168     0.4529     0.5230 
       11     0.429     0.4300     0.4337        0.0136     0.4053     0.4621 
       12     0.382     0.3900     0.4005        0.0127     0.3739     0.4271 
       13     0.288     0.3800     0.3343        0.0142     0.3047     0.3639 
       14     0.237     0.2800     0.2983        0.0164     0.2641     0.3326 
       15     0.084     0.1400     0.1905        0.0258     0.1364     0.2446 
       16     0.145     0.1500     0.2335        0.0217     0.1880     0.2790 
       17     0.233     0.3000     0.2955        0.0166     0.2608     0.3302 
       18     0.219     0.3000     0.2857        0.0173     0.2494     0.3219 
       19     0.327     0.3200     0.3618        0.0131     0.3344     0.3891 
       20     0.287     0.2900     0.3336        0.0142     0.3039     0.3633 
       21     0.295     0.3100     0.3392        0.0139     0.3101     0.3683 
 
                              Output Statistics 
 
                Obs  OBS           95% CL Predict         Residual 
 
                  1     0.351     0.2544       0.5030      -0.0287 
                  2     0.336     0.2438       0.4925     0.001876 
                  3     0.302     0.2194       0.4689       0.1158 
                  4     0.294     0.2137       0.4634       0.1715 
                  5     0.504     0.3602       0.6128      -0.0165 
                  6     0.571     0.4050       0.6625     0.006246 
                  7     0.596     0.4215       0.6813    -0.001374 
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                  8     0.662     0.4644       0.7314      -0.0379 
                  9     0.674     0.4721       0.7406      -0.0263 
                 10     0.506     0.3616       0.6143       0.0321 
                 11     0.429     0.3090       0.5583    -0.003671 
                 12     0.382     0.2763       0.5248      -0.0105 
                 13     0.288     0.2093       0.4593       0.0457 
                 14     0.237     0.1722       0.4245      -0.0183 
                 15     0.084     0.0576       0.3234      -0.0505 
                 16     0.145     0.1039       0.3632      -0.0835 
                 17     0.233     0.1693       0.4218     0.004472 
                 18     0.219     0.1590       0.4124       0.0143 
                 19     0.327     0.2373       0.4862      -0.0418 
                 20     0.287     0.2086       0.4586      -0.0436 
                 21     0.295     0.2144       0.4641      -0.0292 
 
                       MODELED DATA USING GLM WITH CLI                      7 
                                             17:16 Wednesday, January 23,2002 
 
                              The REG Procedure 
                                Model: MODEL1 
                           Dependent Variable: MOD 
 
                 Sum of Residuals                           0 
                 Sum of Squared Residuals             0.06392 
                 Predicted Residual SS (PRESS)        0.07576 
 
                       MODELED DATA USING GLM WITH CLI                      8 
                                             17:16 Wednesday, January 23,2002 
 
                              The REG Procedure 
                                Model: MODEL1 
 
                  Test 1 Results for Dependent Variable MOD 
 
                                          Mean 
          Source             DF         Square    F Value    Pr > F 
 
          Numerator           1        0.04651      13.83    0.0015 
          Denominator        19        0.00336 
 
                       MODELED DATA USING GLM WITH CLI                      9 
                                             17:16 Wednesday, January 23,2002 
 
                           The UNIVARIATE Procedure 
                           Variable:  E  (Residual) 
 
                                   Moments 
 
       N                          21    Sum Weights                 21 
       Mean                        0    Sum Observations             0 
       Std Deviation      0.05653448    Variance            0.00319615 
       Skewness           1.75195599    Kurtosis            3.87097818 
       Uncorrected SS     0.06392295    Corrected SS        0.06392295 
       Coeff Variation             .    Std Error Mean      0.01233684 
 
 
                          Basic Statistical Measures 
 
                Location                    Variability 
 
            Mean      0.00000     Std Deviation            0.05653 
            Median   -0.01054     Variance                 0.00320 
            Mode       .          Range                    0.25498 




                          Tests for Location: Mu0=0 
 
               Test           -Statistic-    -----p Value------ 
 
               Student's t    t         0    Pr > |t|    1.0000 
               Sign           M      -2.5    Pr >= |M|   0.3833 
               Signed Rank    S     -26.5    Pr >= |S|   0.3698 
 
 
                             Tests for Normality 
 
          Test                  --Statistic---    -----p Value------ 
 
          Shapiro-Wilk          W     0.838254    Pr < W      0.0027 
          Kolmogorov-Smirnov    D     0.217917    Pr > D     <0.0100 
          Cramer-von Mises      W-Sq   0.20484    Pr > W-Sq  <0.0050 
          Anderson-Darling      A-Sq  1.218758    Pr > A-Sq  <0.0050 
 
 
                          Quantiles (Definition 5) 
 
                          Quantile         Estimate 
 
                          100% Max       0.17147830 
                          99%            0.17147830 
                          95%            0.11583983 
                          90%            0.04570715 
                          75% Q3         0.00624622 
                          50% Median    -0.01054489 
                          25% Q1        -0.02922651 
                          10%           -0.04358804 
                          5%            -0.05051182 
                          1%            -0.08350517 
                          0% Min        -0.08350517 
 
                       MODELED DATA USING GLM WITH CLI                     10 
                                             17:16 Wednesday, January 23,2002 
 
                           The UNIVARIATE Procedure 
                           Variable:  E  (Residual) 
 
                             Extreme Observations 
 
                -------Lowest------        ------Highest------ 
 
                     Value      Obs             Value      Obs 
 
                -0.0835052       16         0.0143390       18 
                -0.0505118       15         0.0320588       10 
                -0.0435880       20         0.0457072       13 
                -0.0417804       19         0.1158398        3 
                -0.0378914        8         0.1714783        4 
 
 
               Stem Leaf                     #             Boxplot 
                  1 7                        1                * 
                  1 2                        1                * 
                  0 5                        1                | 
                  0 00113                    5             +--+--+ 
                 -0 44433322100             11             *-----* 
                 -0 85                       2                0 
                    ----+----+----+----+ 
 156
                Multiply Stem.Leaf by 10**-1 
 
 
                                Normal Probability Plot 
            0.175+                                            * 
                 |                                       *   ++++++++ 
                 |                                  +++++++++ 
                 |                         ++++***+* * * 
                 |             * * *+***+***** 
           -0.075+      * +++*+++++ 
                  +----+----+----+----+----+----+----+----+----+----+ 
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